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EVALUATION 


The  ability  of  the  RADC/ESE  IRCCD  fence  system  to  discriminate  between 
targets  and  false  alarm  sources  is  dependent  on  the  performance  of  its 
signal  processor.  Under  this  effort  Purdue  University  has  produced  the 
hardware  and  software  models  for  an  advanced  signal  processor.  In  the 
laboratory  this  processor  has  met  or  exceeded  all  its  design  goals. 


LYN  H.  SKOLNIK 
Project  Engineer 


I.  INTRODUCTION 


A.  Purpose  of  Overall  System 

The  purpose  of  the  BISS  (Base  Installation  Security  System)  program  is 
the  development  of  sensors  for  physical  security  systems.  One  technique 
under  investigation  within  this  program  involves  the  focusing  of  infrared 
radiation,  derived  from  a  distant  field  of  view,  onto  an  integrated  linear 
array  of  256  platinum  silicide  Schottky  barrier  detectors.  Over  a  period  of 
time  (called  the  "stare  time"),  charge  packets,  of  a  size  proportional  to 
the  infared  intensity,  develop  within  each  detector.  At  the  end  of  the 
stare  time,  all  256  charge  packets  are  broadside  loaded  into  a  CCD  shift  re¬ 
gister  (of  length  256)  also  integrated  onto  the  detector  chip.  The  CCD  re¬ 
gister  may  then  be  clocked  to  shift  out  these  analog  samples  for  processing 
by  a  small  local  computer.  The  hardware  and  software  development  of  such  a 
signal  processing  computer  is  the  purpose  of  the  effort  discussed  in  this 


report. 


B.  The  Computational  Unit 


Physically/  the  unit  developed  under  this  contract  is  a  PDP-11/03  com¬ 
puter  with  certain  optional  boards  tied  to  the  bus.  See  Figure  1.1.  These 
include  8k  words  (16  bits)  of  PROM  (programmable  read-only  memory)  for  pro¬ 
gram  storage,  a  DMA  (direct  memory  access)  board  for  highspeed  inputting  of 
CCD  samples  into  RAM,  and  a  custom-built  interface  board  for  scaling/  digi¬ 
tal  conversion/  and  simple  pre-processing  of  these  samples. 

With  the  exception  of  the  latter  "custom"  board,  all  these  components 
are  standard  items  manufactured  by  Digital  Equipment  Corporation  (DEC). 
These  are  documented  in  Cl 3  together  with  Appendix  Section  A.1. 

The  custom  interface  board,  detailed  in  Section  II. B.,  receives  the 
serially-shifted  contents  of  the  detector's  CCD  array,  together  with  two  di¬ 
gital  pulse  timing  signals:  START  PACKET  and  START  CONVERT.  The  former  is 
required  to  appear  immediately  prior  to  the  CCD's  outputting  of  the  first 
analog  sample  in  the  array  of  256.  The  latter  timing  signal  executes  a 
positive-going  transition  to  accompany  each  incoming  CCD  sample.  This  tran¬ 
sition  immediately  initiates  an  A/D  conversion  of  its  corresponding  analog 
(CCD)  sample.  Hence  this  pulse  should  not  be  transmitted  until  the  analog 
data  is  certain  to  have  settled  at  the  custom  -interface  input. 

Two  digital  control  signals,  leaving  the  custom  interface,  inform  the 
detector  electronics  of  which  one  of  four  stare  times  are  to  be  used  by  the 
detector  array.  As  the  overall  dynamic  range  of  the  detector  charge  packets 
shrink  or  increase  (with  changing  ambient  temperature  conditions),  the  mi¬ 
croprocessor  will  instruct  the  detector  electronics  to  change  its  operating 
stare  time  by  a  factor  of  two. 

A  computational  algorithm  for  the  automatic  signaling  of  "intruder  tar¬ 
gets,"  given  the  IR-CCD  data,  was  developed  in  C23.  A  flow  chart  of  the 


2 


Figure  1.1  System  level  depiction  of  the  computational  unit 
described  in  this  report  together  with  its  connections 
with  the  IR-CCD  detector  system. 


calculations  called  for  in  C23  appears  in  Figure  1.2.  The  software 
developed  under  this  effort  carries  out  these  calculations  using  the  parame¬ 
ters  0,  C^,  Cj,  P,  N,  d,  n,  and  t.  These  parameters  are  adjustable  by  the 
user  through  terminal  interaction.  See  Section  I.E. 

The  software  also  includes  a  number  of  maintenance  routines  for  testing 
and  fault  isolation  on  the  custom,  DMA,  PROM,  RAM,  and  serial  interface  cir¬ 
cuit  boards.  See  Section  IV. 

The  software  was  written  in  PDP-11  assembly  language  and  "C",  and  com¬ 
piled  under  the  UNIX  operating  system  running  on  a  PDP-11/70. 
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DMA  ENTRY  OF  x(l),  THE  MOST 
RECENT  DETECTOR  SAMPLE  ARRAY 
NOTE:  x( 1 )  -  Ix(1,i)]; 


Fig.  1.2 


Flow  diagram  of  the  major  calculations 
of  the  computational  unit  software. 


involved  in  a  single  cycle 


C.  Start-Up  Procedures  for  IR-CCD  Intrusion  Detection  System 

The  basic  start-up  procedures  for  the  IR-CCD  Intrusion  Detector  System 
will  be  described  here.  It  is  assumed  that  all  connections  to  the  IR-CCD 
interface  have  been  properly  made  as  discussed  in  the  hardware  section,  and 
that  the  serial  interface  is  connected  to  a  Tektronix  4024  terminal  set  at 
9600  baud. 

The  power  switch  for  the  PDP-11 /03  minicomputer  is  located  on  the  right 
hand  side  (when  viewing  the  11/03  from  the  front)  of  the  back  face.  When 
this  switch  is  moved  to  the  on  position  (up),  the  11/03  receives  A.C.  power 
and  begins  executing  a  built-in  terminal  handling  routine  known  as  "ODT." 
The  ODT  mode  is  described  in  some  detail  in  Cl 3,  but  briefly,  it  allows  the 
user  to  control  the  Load  Address,  Deposit,  Examine,  Continue,  and  Start/Halt 
functions  of  the  microprocessor.  When  in  ODT,  the  user  is  prompted  for  a 
command  with  the  "a"  symbol.  Whenever  it  is  desired  to  begin  execution  of 
the  IR-CCD  Intrusion  Detection  program,  the  command  ”200006"  must  be  sent  to 
ODT.  This  may  be  accomplished  by  one  of  two  methods.  If  starting  the 
routine  from  a  "cold"  status  (both  the  microprocessor  and  the  Tektronix  4024 
have  just  been  brought  up  from  a  powered  down  condition),  it  is  necessary  to 
type  the  "200006”  command  after  receiving  the  "3"  ODT  prompt.  The  second 
method  is  effective  only  when  the  Tektronix  4024  terminal  has  not  been 
powered  down  since  the  program  was  last  executed.  In  this  case,  the  "PT" 
key  on  the  far  right  hand  side  of  the  4024  keyboard  will  have  been  pro¬ 
grammed  to  execute  the  "200006"  sequence  automatically.  Hence,  it  is  only 
necessary  to  depress  the  "PT"  key  to  begin  program  execution. 

To  halt  the  routine,  it  is  necessary  to  send  a  break  command  to  the 
11/03.  On  the  Tektronixs  4024  terminal,  this  is  accomplished  by  hitting  the 
"BREAK"  key  rapidly  twice  in  succession.  The  processor  should  return  to  ODT 


-  6  - 


mode  with  the  ’*8"  prompt  appearing  on  the  screen. 

The  start-up  procedure  for  the  IR-CCD  Intrusion  Detection  System  may  be 
summed  up  as  follows: 

(1)  Connect  Tektronixs  4024  terminal,  set  at  9600  baud,  to  serial  in¬ 
terface  on  PDP-11/03  processor. 

<2)  Connect  IR-CCD  analog  data  and  timing  signal  lines  to  IR-CCD  in¬ 
terface  board. 

(3)  Power  up  terminal  and  PDP-11 /03. 

(4)  When  ODT  prompt  (8)  is  received,  issue  "20000G”  sequence  by  ei¬ 
ther: 


(a)  typing  20000G. 

(b)  depressing  terminal  "PT"  key  (if  4024  has  not  been  turned  off  | 

since  last  execution). 


D.  Description  of  Parameter  Display  Frame 


When  the  start-up  procedure  outlined  in  the  previous  section  is  per¬ 
formed,  the  routine  begins  execution  and  places  on  the  screen  a  table  list¬ 
ing  the  initial  default  parameter  values  and  a  brief  description  of  the 
meaning  of  each  parameter.  Immediately  below  this  parameter  display  table 
is  a  box  containing  information  about  the  status  of  the  alarm.  More  will  be 
said  about  this  box  later.  At  the  bottom  of  the  screen,  two  lines  should 
appear  informing  the  user  of  how  to  change  a  parameter  value  and  how  to 
switch  the  display  to  the  "additional  features"  list  frame.  This  initial 
frame  is  shown  in  Figure  1.3. 

To  change  a  parameter,  the  user  should  type  the  mnemonic  for  that 
parameter  (which  is  listed  in  the  first  column  of  the  parameter  display 
table  on  the  terminal  screen)  followed  by  a  carriage  return.  For  parameters 
wherein  no  ambiguity  will  result  if  upper  or  lower  case  symbols  are  typed, 
either  case  may  be  used,  i.e.,  the  "P"  parameter.  If  ambiguity  will  result, 
then  the  exact  mnemonic  must  be  typed,  i.e.,  the  "n"  or  "N"  parameters.  If 
errors  are  made  in  typing,  there  are  three  keys  which  are  programmed  to  be 
"delete  character"  keys  and  three  keys  which  are  programmed  to  be  "delete 
line"  keys.  The  delete  character  keys  are: 


(i) 

DEL  CHAR 

(top  row  of  4024  keyboard) 

<ii ) 

CTRL-H 

(type  H  key  while  depressing 

"CTRL" 

key) 

<  i  i  i ) 

n 

(upper  case  3) 

the  i 

delete  line 

keys  are: 

(i) 

DEL  LINE 

(top  row  of  4024  keyboard) 

(ii) 

CTRL-X 

(type  X  key  while  depressing 

"CTRL" 

key) 

(iii) 

8 

(upper  case  2). 

The  delete  character  keys  backspace  one  character  while  the  delete  line  keys 


IRCCD  INTRUSION  DETECTOR  ALARM 


SYMBOL 

D 

VALUE 

16 

MEANING 

Number  of  cells  monitored  for  stare  time  update. 

N 

32 

Number  of  samples  used  in  background  time  average. 

P 

12 

Separation  of  samples  used  in  background  time  average. 

d 

6.17 

Detection  threshold  scale  factor. 

n 

12 

3  *  memory  interval  length  used  in  alarm  decision. 

t 

8 

Number  of  space-time  threshold  violations  to  cause  alarm 

C2 

480 

Upper  threshold  used  to  initiate  stare  time  decrease. 

Cl 

230 

Lower  threshold  used  to  initiate  stare  time  increase. 

********************* 

*  * 

*  ALARM  DISA8LED  * 

*  * 
********************* 

To  see  a  List  of  other  features,  type  "L". 

To  change  a  parameter,  type  symbot  shown  above. 


Figure  1.3  Initial  parameter  display  frame. 
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erase  the  entire  Line  that  has  been  typed. 

When  the  mnemonic  for  a  parameter  is  typed,  one  of  two  things  will  h ap- 
pen.  If  the  mnemonic  is  not  a  valid  one,  an  error  message  will  be  displayed 
and  the  prompt  for  changing  a  parameter  will  be  repeated.  If  the  mnemonic 
is  a  valid  one,  the  prompt  for  changing  a  parameter  will  be  replaced  by  a 
line  indicating  the  possible  values  that  that  parameter  may  be  set  to.  An 
example  of  this  is  shown  in  Figure  1.4. 

At  this  point,  the  user  has  three  options.  He  may  (i)  type  in  the 
desired  new  value  of  the  parameter  followed  by  a  carriage  return,  or  (ii) 
type  in  the  mnemonic  for  a  different  parameter  followed  by  a  carriage  re¬ 
turn,  or  (iii)  depressed  a  carriage  return.  If  a  new  mnemonic  is  typed  in, 
the  list  of  possible  values  of  the  original  parameter  will  be  replaced  by  a 
list  of  possible  values  of  this  new  parameter.  If  a  carriage  return  is 
depressed,  the  display  will  return  to  the  original  frame,  and  no  parameter 
change  will  take  place.  Thus,  if  the  user  decides  after  examining  the  list 
of  possible  parameter  values  that  he  no  longer  desires  to  change  that  param¬ 
eter,  he  may  pass  over  the  actual  changing  operation. 

When  a  new  parameter  value  is  typed,  one  of  several  things  may  occur. 
If  the  new  value  is  not  one  of  those  allowed,  an  error  message  is  displayed 
and  the  list  of  possible  parameter  values  is  repeated.  If  the  new  value  is 
an  allowed  one  for  that  parameter,  the  old  value  listed  in  the  second  column 
of  the  parameter  display  table  is  replaced  by  the  new  value.  When  a  parame¬ 
ter  that  may  take  on  only  integer  values  is  changed  (any  one  except  the  "d" 
parameter),  the  value  typed  is  rounded  off  to  the  nearest  integer.  If  the 
"d"  parameter  is  changed,  the  value  typed  is  rounded  off  to  two  decimal 
places.  These  rounding  operations  are  carried  out  before  determining  if  the 
new  parameter  value  is  valid.  After  a  parameter  change  has  taken  place,  the 
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IRCCD  INTRUSION  DETECTOR  ALARM 


SYMBOL 

D 

VALUE 

16 

MEANING 

Number  of  cells  monitored  for  stare  time  update. 

N 

32 

Number  of  samples  used  in  background  time  average. 

P 

12 

Separation  of  samples  used  in  background  time  average. 

d 

6.17 

Detection  threshold  scale  factor. 

n 

12 

3  *  memory  interval  length  used  in  alarm  decision. 

t 

8 

Number  of  space-time  threshold  violations  to  cause  alarm 

C2 

480 

Upper  threshold  used  to  initiate  stare  time  decrease. 

Cl 

230 

Lower  threshold  used  to  initiate  stare  time  increase. 

********************* 

*  * 

*  ALARM  DISABLED  * 

*  * 
********************* 

To  see  a  List  of  other  features,  type  "L". 

Possible  values  for  N  are  2<=N<=40.  N=? 


Figure  1.4  Frame  showing  typical  prompt  for  changing  a  parameter. 


messages  at  the  bottom  of  the  screen  are  restored  to  their  original  state/ 
informing  the  user  of  how  to  change  a  parameter  value.  All  allowed  parame¬ 
ter  values  and  their  default  values  are  listed  in  Table  1.1.  Figure  1.5 
shows  a  flow  chart  illustrating  the  entire  parameter  changing  operation. 

The  last  section  of  the  parameter  display  frame  which  has  not  been  dis¬ 
cussed  in  any  detail  yet  is  the  alarm  status  box  located  in  the  lower  center 
section  of  the  screen.  The  information  in  this  box  tells  the  user  which  one 
of  three  possible  conditions  exists.  These  conditions  are  (i)  that  the 
alarm  is  disabled,  (ii)  that  no  target  is  currently  being  detected,  or  (iii) 
that  a  target  is  currently  being  detected.  The  alarm  is  disabled  any  time 
there  is  an  insufficient  amount  of  data  based  on  the  current  parameter 
.alues  to  ensure  a  valid  target  decision.  This  condition  will  occur  in 
several  different  situations.  When  the  routine  is  first  started,  it  is 
necessary  to  compute  a  background  time  average  which  extends  N*P  packets 
into  the  past.  Thus  the  alarm  is  disabled  for  N*P  packets  while  this  ini¬ 
tial  background  time  average  is  computed.  With  a  time  between  packets  of 
about  100  msec,  the  time  the  alarm  is  disabled  (assuming  default  parameter 
values)  is  approximately  38  seconds.  A  similar  situation  occurs  whenever 
the  values  of  the  N  or  P  parameters  are  changed.  When  the  parameter  n  is 
changed,  it  is  necessary  that  threshold  violation  information  be  known  for 
the  n/3  most  recent  packets.  Therefore  the  alarm  must  be  disabled  for  n/3 
packets  before  a  valid  target  decision  can  be  made. 

When  the  alarm  is  enabled,  either  the  no  target  detected  or  target 
detected  message  is  displayed  in  the  alarm  status  box.  The  message  is  up¬ 
dated  any  time  the  computations  determine  a  change  is  in  order  or  when  the 
alarm  is  disabled  or  enabled  as  explained  previously. 
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Parameter 


Default  Value 


Possible  Values 


D 

16 

16  or  32 

N 

32 

2  <  N  <  40 

P 

12 

10  <  P  <  256 

d 

6.17 

0  <  d  <  10 

n 

12 

6 ,  9 ,  12,  or  15,  n  t 

t 

8 

3  <  t  £  n 

C2 

480 

2  *  Cl  <  C2  <  511 

Cl 

230 

0  <  Cl  <  -j-  *  C2 

Table  1.1  Possible  parameter 

values  and  their  defaults 
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Figure  1.5  Flow  diagram  of  parameter  changing  operation 


Yes 


In  addition  to  this  visual  indication  of  target  detection  information, 
there  is  an  audible  alarm  signal  which  sounds  every  time  a  target  is  detect¬ 
ed  by  the  computational  routine  provided  the  following  conditions  are  met: 
(i)  The  alarm  is  not  disabled. 

(ii)  The  audible  alarm  feature  is  enabled. 

The  audible  alarm  is  in  the  enabled  state  when  the  routine  is  first  started. 
The  status  of  the  audible  alarm  may  be  changed,  as  will  be  described  in  the 
next  section. 

This  completes  the  discussion  of  the  parameter  display  frame  and  the 
procedure  for  changing  parameter  values.  For  a  more  detailed  discussion  of 
the  meanings  of  the  various  parameters,  the  reader  is  referred  to  C2D. 

E.  Description  of  “Additional  Features"  Frame 

In  addition  to  performing  the  basic  intrusion  detection  function,  the 
IR-CCD  Intrusion  Detection  System  has  several  self-diagnostic  and  testing 
features  which  are  accessed  via  an  "additional  features"  frame  displayed  on 
the  terminal.  This  frame  may  be  displayed  by  one  of  two  methods.  When  the 
terminal  is  displaying  the  normal  parameter  display  frame,  and  the  routine 
is  waiting  for  a  parameter  mnemonic  to  be  typed,  the  additional  features 
list  will  be  displayed  if  (i)  an  "L"  (upper  or  lower  case)  is  typed  followed 
by  a  carriage  return,  or  ( i i >  a  carriage  return  by  itself  is  typed.  Simi¬ 
larly,  when  the  additional  features  frame  is  being  displayed  and  the  routine 
is  waiting  for  a  feature  to  be  selected,  the  display  will  switch  to  the 
parameter  display  frame  if  <i)  an  "8"  is  typed  or,  (ii)  if  a  carriage  return 
is  typed.  Thus,  the  user  may  toggle  between  the  two  frames  by  repeatedly 
hitting  the  carriage  return  key.  The  additional  features  frame  is  shown  in 
Figure  1.6. 


-  16  - 


IRCCD  INTRUSION  DETECTOR  ALARM 


Additional  Features: 

1)  Disable  audible  alarm. 

2)  Display  output  of  interface  A/D  converter. 

3)  Programable  digital  shift  circuitry  test. 

4)  DMA  channel  test. 

5)  RAM  integrity  test. 

6)  PROM  checksum  test. 

7)  Serial  interface/terminal  test. 

8)  Do  nothing  -  return  to  parameter  display. 


********************* 
*  * 

*  ALARM  DISABLED  * 

*  * 
********************* 


Please  type  number  of  desired  feature. 


Figure  1.6  "Additional  features"  frame. 


A  particular  "additional”  feature  is  selected  by  typing  the  number 
shown  on  the  display  corresponding  to  that  feature,  followed  by  a  carriage 
return.  The  delete  character  and  delete  line  keys  are  the  same  as  for  the 
parameter  display  frame.  If  an  error  is  made  in  typing  a  feature  selection 
number,  an  appropriate  error  message  is  displayed  at  the  bottom  of  the 
screen.  If  a  valid  feature  is  selected,  one  of  two  possibilities  will  oc¬ 
cur.  If  the  audible  alarm  enable/disable  feature  is  selected,  the  audible 
alarm  status  will  be  changed  and  the  routine  will  switch  back  to  the  origi¬ 
nal  parameter  display  frame.  However,  when  one  of  the  self-diagnostic  tests 
is  selected,  the  screen  is  blanked  and  a  brief  description  of  the  selected 
test  along  with  any  special  instructions  are  displayed.  At  this  point,  ex¬ 
cept  for  the  DMA  channel  test,  the  user  is  prompted  to  hit  a  carriage  return 
to  go  ahead  and  execute  the  test  or  any  other  ascii  character  to  skip  the 
test  and  return  to  the  additional  features  frame.  Since  it  is  necessary  for 
the  user  to  halt  the  11/03,  power  down,  and  insert  the  DMA  maintenance  cable 
in  order  to  perform  the  DMA  test,  when  this  feature  is  selected  the  user  is 
prompted  to  hit  a  carriage  return  to  halt  the  routine,  or  any  other  ascii 
key  to  skip  the  test  and  return  to  the  additional  features  frame. 

The  actual  operation  of  the  self-diagnostic  test  routines  will  be 
covered  in  the  section  on  maintenance,  and  is  not  dealt  with  here.  The 
various  test  routines  are  listed  in  Table  1.2  along  with  a  brief  description 
of  each  test.  Once  a  test  is  completed  and  the  appropriate  exit  command 
given,  the  routine  reinitializes  itself  to  the  default  parameter  values  and 
begins  computations,  as  was  done  at  start-up  time.  To  enter  another  test 
routine,  the  user  must  first  toggle  over  to  the  additional  features  frame 
(since  restarting  returned  the  screen  to  the  parameter  display  frame)  and  go 
through  the  feature  selection  procedure  discussed  previously. 
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Test 


A  to  D  converter 

Programmable  Digital 
Shift  Logic 

DMA 

RAM  Integrity 

PROM 

Terminal/Serial 

Interface 


Table  1.2  Brief 


Description 

Displays  12  bit  output  of  A  to  D  converter 
on  screen  in  both  binary  and  decimal. 

Cycles  through  all  possible  function  1  and 
function  2  line  values  and  displays  output 
of  programmable  digital  shift  logic  on  screen 
in  both  binary  and  decimal. 

Tests  various  functions  of  the  DMA  board  through 
use  of  DMA  maintenance  cable. 

Each  word  of  RAM  is  tested  for  its  Read/Write 
integrity. 

Checksums  are  computed  for  both  the  lower  and  upper 
4k  words  of  PROM. 

The  terminal  is  tested  via  the  standard 
Tektronixs  4024  'test*  command  and  then 
the  serial  interface  is  tested  by  sending  unique 
ascii  character  patterns  to  the  terminal. 

descriptions  of  software  maintenance  routines. 
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The  alarm  status  box,  which  contains  the  visual  target  detection  infor¬ 
mation,  is  serviced  throughout  the  additional  feature  selection  process 
until  one  of  the  self-diagnostic  tests  is  actually  begun.  Target  detection 
computations  cease  once  the  user  decides  to  execute  the  test  (after  viewing 
the  test  description  frame). 

A  flow  chart  illustrating  the  additional  feature  selection  process  is 
shown  in  Figure  1.7.  This  completes  the  discussion  of  the  additional 
features  frame  and  the  additional  feature  selection  process. 

F.  Verification  of  System  Operation 

The  setup  shown  in  Figure  1.8  was  used  to  test  the  operation  of  the 
IR-CCD  Intrusion  Detection  System  during  its  development.  A  software 
routine  written  for  the  PDP-11 /70  was  used  to  generate  files  containing  up 
to  256  packets  of  data  samples.  These  files  were  then  down-loaded  to  a 
floppy  disk  attached  to  a  PDP-11/10.  The  11/10  was  then  instructed  to  send 
these  samples  to  a  12  bit  DAC  in  real  time  under  the  control  of  external 
timing  circuitry.  After  conversion,  this  analog  signal  was  sent  to  the  PDP 
11/03  custom  interface  board.  The  external  timing  circuitry  also  supplied 
the  "start  packet"  and  "start  convert"  signals  for  the  11/03. 

The  procedure  for  testing  involved  generating  known  packets  of  data, 
sending  them  to  the  IR-CCD  system  as  described  above,  and  then  observing  the 
target/no  target  decision  responses.  This  was  done  for  several  different 
patterns  of  packets  and  a  large  number  of  possible  parameter  combinations. 
All  test  results  agreed  with  those  expected. 

The  speed  of  computations  was  also  tested  by  applying  only  the  clock 
signals  (analog  input  grounded).  The  nominal  time  between  packets  was 
specified  to  be  100msec.  Experimental  results  indicate  that  the  unit  will 
actually  run  at  up  to  twice  that  speed  for  worst  case  parameter  combinations 


Figure  1.7  Flow  diagram  illustrating  additional  feature  select 
process . 
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Figure  1.7  continued. 


and  at  about  40msec  (2  1/2  times  faster)  for  the  default  parameter  values 


II.  Hardware 


A.  Overview  of  Hardware  Operation 

Physically,  the  unit  developed  under  this  contract  is  a  PDP-11/03  com¬ 
puter  with  certain  optional  boards  tied  to  the  bus.  See  Figure  1.1  for  a 
system  level  depiction  of  the  computational  unit.  These  boards  include  8K 
words  (16  bit)  of  PROM  for  program  storage,  a  16K  word  RAM,  a  serial  inter¬ 
face  for  terminal  communications,  a  DMA  board  for  high-speed  reception  of 
CCD  samples  into  RAM,  and  a  custom-built  interface  board  for  scaling,  digi¬ 
tal  conversion,  and  simple  pre-processing  of  these  samples.  Figure  4.1  in¬ 
dicates  board  location  in  the  PDP-11/03. 

With  the  exception  of  the  latter  "custom"  board,  all  these  components 
are  standard  items  manufactured  by  Digital  Equipment  Corporation  (DEC). 
These  are  documented  in  Cl]  together  with  Appendix  Section  A. 

Figure  2.1  depicts  a  functional  level  drawing  of  the  IR-CCD  interface 
board.  The  left  side  of  the  drawing  represents  connections  to  the  IR-CCD 
device,  while  the  right  side  represents  connections  to  the  LSI-11  computa¬ 
tional  unit. 

The  positive  analog  input  voltage  from  the  IR-CCD  device  is  sampled  and 
held  constant  by  a  Burr-Brown  SHM60  high-speed  sample-and-hold  unit.  This 
device  has  a  1  usee  acquisition  time,  12  nsec  aperature  time,  and  a  variable 
gain.  The  gain  can  be  varied  between  +1  and  +1000  by  use  of  a  10K  ohm  "trim 
pot"  located  near  the  device.  The  held  voltage  is  converted  to  a  12-bit 
complementary  2's  complement  number  using  a  Burr-Brown  ADC85C-12  analog-to- 
digital  converter.  In  complementary  2's  complement  (00.... 00)  represents 
positive  full  scale  while  (11. ...11)  represents  zero.  Since  both  the  SHM60 
and  ADC85C-12  devices  require  ±  15  volts,  as  well  as  +5  volts,  a  Burr-Brown 
DC/DC  546  voltage  converter  is  required.  Positive  5  volts  from  the 
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ide 


Figure  2.1  Functional  level  drawing  of  IR-CCD  interface  board 


LSI-11/03  bus  is  converted  to  ±15  volts  by  this  device.  Specifications  for 
these  three  devices  are  given  in  Appendix  Section  A. 

The  remaining  IR-CCD  interface  board  components  are  resistors,  capaci¬ 
tors,  and  TTL  logic  devices.  The  +5  volt  supply  pin  of  each  TTL  chip  is 
bypassed  to  its  ground  pin  using  a  .01  uf  ceramic  capacitor  located  on  the 
underside  of  the  interface  board.  The  TTL  chips  include  three  SN  74123 
(one-shot  multi  vibrators),  one  SN  74174  (hex  D-type  flip-flop),  two  SN  7404 
(hex  inverters),  one  SN  7414  (hex  Schmidt-Trigger  inverter),  and  three  AMD 
25S10.  Except  for  the  latter,  all  are  standard  TTL  devices  with  specifica¬ 
tions  given  in  any  TTL  data  book.  The  AMD  25S10  is  a  4-bit  shifter.  This 
device  has  the  ability  to  shift  four  bits  of  parallel  data  0,  1,  2,  or  3 
places.  The  AMD  25S10  has  two  select  lines  that  are  decoded  internally  to 
determine  the  number  of  places  the  data  is  shifted.  Specifications  for  this 
device  are  also  given  in  Appendix  Section  A. 

B.  Step-by-Step  Discussion  of  IR-CCD  Interface  Board  Operation 

Figure  2.2  is  a  timing  diagram  that  will  aid  one's  understanding  of  the 
following  step-by-step  explanation  of  the  IRRCD  Interface  operation. 

We  start  this  discussion  with  the  arrival  of  a  start  packet  pulse  from 
the  IR-CCD  device  heralding  the  arrival  of  a  packet  of  256  CCD  voltages. 
The  start  packet  pulse  is  sent  through  two  successive  Schmidt-Trigger  in¬ 
verters  to  reduce  any  noise  on  the  start  packet  line  which  might  be  misin¬ 
terpreted  as  another  start  packet.  The  positive-going  threshold  is  1.7 
volts  and  the  negative-going  threshold  is  .9  volts.  Therefore,  only 
glitches  larger  than  1.7  volts  will  cause  an  erroneous  start  packet  to  oc¬ 
cur.  From  this  point  on,  "start  packet"  will  refer  to  this  conditioned  sig¬ 
nal. 
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Ffgure  l.l  Timing  diagram  of  (R-CCO  Interface  operat 


The  rising  edge  of  start  packet  clocks  the  input  "D"  through  to  the 
output  "<J"  of  the  tandem  connections  of  D-type  flip-flops  of  the  SN  74174. 
The  inputs  to  these  flip-flips  are  "function  1"  and  "function  2"  supplied  by 
the  DMA  board.  Functions  1  and  2  are  used  to  represent  the  appropriate 
stare  time  as  determined  by  the  CPU.  The  IR-CCD  device  receives  a  once- 
delayed  version  of  functions  1  and  2  denoted  as  function  1(A)  and  function 
2(A).  The  three  AMD  25S10  TTL  4-bit  shifter  chips  receive  a  twice-delayed 
version  denoted  function  1(AA)  and  function  2(aa).  The  purpose  of  the  de¬ 
lays  can  be  understood  by  looking  at  Figure  3.3  in  Section  III.  The  three 
AMD  shifter  chips  are  now  properly  aligned  to  shift  the  converted  CCD  vol¬ 
tages  to  the  appropriate  places.  See  table  on  wiring  diagram/  Figure  4.2. 

The  rising  edge  of  the  positive-going  start  packet  pulse  also  triggers 
a  SN  74123  one-shot  producing  a  negative-going  18  ysec.  pulse.  The  rising 
edge  of  this  negative-going  pulse  triggers  another  one-shot  producing  a  1 
usee,  positive-going  pulse.  The  rising  edge  of  this  1  usee,  positive-going 
pulse  in  turn  triggers  yet  another  one-shot  (a  high  valued  function  3  tied 
to  its  clear)  producing  a  *  142  usee,  positive-going  pulse.  The  result  of 
all  this  is  the  production  of  a  «  142  ysec.  positive-going  pulse  that  is  de¬ 
layed  18  usee,  after  the  rising  edge  of  the  start  packet  pulse.  This  long, 
positive-going  pulse  is  used  as  the  "clear"  input  to  what  we  will  call  the 
"DMA  one-shot."  Only  when  the  clear  pin  on  any  given  one-shot  is  held  high 
can  the  one-shot  produce  a  pulse.  The  input  to  the  DMA  one-shot  will  be 
discussed  shortly. 

We  turn  now  to  the  other  digital  signal  coming  from  the  IR-CCD  device, 
namely  the  external  start  convert  signal.  This  external  start  convert  is 
once  inverted  using  a  Schmidt  -  Trigger  inverter  to  produce  the  "internal" 
start  convert  signal  which  is  sent  to  the  ADC85C-12  converter.  The  falling 
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edge  of  this  internal  start  convert  causes  the  "end  of  convert"  (EOC)  signal 
of  the  ADC85C-12  to  move  from  the  "ready"  (low)  state  to  the  "busy"  (high) 
state.  Therefore,  the  falling  edge  of  the  internal  start  convert  produces  a 
positive-going  «  10  usee,  pulse  for  EOC.  Ten  usee,  corresponds  to  the 
specified  time  required  by  the  ADC85C-12  to  do  a  conversion  to  binary 
representation  of  an  analog  voltage.  Eight  usee,  is  the  observed  time. 
The  falling  edge  of  EOC  indicates  the  conversion  is  complete.  An  inverted 
version  (again  using  a  Schmidt-Trigger  inverter)  of  EOC  is  used  to  change 
the  SHM60  from  the  sample  mode  to  the  hold  mode.  A  high  to  low  transition 
causes  this  to  occur.  Therefore,  the  rising  edge  of  EOC  is  used  to  hold  an 
analog  voltage,  and  the  falling  edge  to  signify  end  of  conversion. 

The  falling  edge  of  EOC  triggers  a  one-shot  producing  a  1  usee, 
negative-going  pulse.  The  rising  edge  of  this  negative-going  pulse  triggers 
another  one-shot  producing  a  1  usee,  positive-going  pulse.  It  is  this 
positive-going  1  usee.  pulse  that  acts  as  the  input  to  the  clearable  DMA 
one-shot.  The  rising  edge  of  this  1  ysec.  positive-going  pulse  triggers 
the  DMA  one-shot  (only  if  clear  is  high)  producing  positive-going  1  usee, 
pulses  that  are  used  as  "DMA  Cycle  Requests".  When  the  DMA  receives  a  Cycle 
Request,  it  loads  a  16  bit  word  (16-bit  CCD  sample)  into  memory.  The  12  ADC 
output  data  bits  have  been  inverted  (SN7404's)  and  sign  replicated  to  form 
this  CCD  sample. 

The  software  counts  up  to  255  (from  zero)  and  then  drops  function  3  low 
moment ari ly.  Dropping  function  3  low  will  cause  the  «■  142  usee,  positive¬ 
going  pulse  to  terminate  prematurely.  Since  this  long  pulse  was  acting  as 
the  clear  input  to  the  DMA  one-shot,  the  DMA  one-shot  will  become  disabled 
(i.e.  no  more  Cycle  Requests)  as  soon  as  function  3  goes  low.  Function  3  is 
immediately  returned  to  its  high  state  so  as  to  be  ready  when  the  next  start 
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packet  arrives.  The  high  to  low  transition  of  function  3  is  not  critical 

M 

since  DMA  Cycle  Requests  after  sample  255  are  ignored  by  the  DMA  until 
after  function  3  is  momentarily  set  low.  At  this  point  the  interface  board 
is  ready  for  the  next  start  packet  to  arrive. 

In  summary,  start  packet  sets  up  the  4-bit  shift  chips  by  clocking  the 
flip-flops  and  then  turns  on  (starting  with  the  first  "good"  CCD  value)  DMA 
Cycle  Request  pulses  whose  observed  occurrence  corresponds  to  »  9  ysec. 
after  each  internal  start  convert  falling  edge  (=>  8  ysec.  for  conversion 
plus  1  ysec.  delay).  Function  3  turns  off  DMA  Cycle  Request  soon  after  CCD 

ft 

sample  255  and  reinitiates  the  IR-CCD  interface  board  for  the  next  start 
packet. 

C.  Signal  Pin  Assignments 

Figure  2.3  indicates  which  signal  appears  at  which  pin  of  the  40-pin 
"berg"  connector  on  the  IR-CCD  interface  board.  "Low"  implies  the  pin  is 
tied  to  ground  and  "high"  to  +5  volts.  The  wiring  diagram  of  Section  IV 
shows  the  location  of  this  connector. 

Figure  2.4  indicates  which  signal  appears  at  which  pin  of  the  dual 
40-pin  berg  connectors  on  the  DMA  board.  The  berg  connector  closest  to  the 
board  end  is  J1.  Figures  2.3  and  2.4  can  be  used  to  infer  connections 
between  the  40-pin  IR-CCD  berg  connector  and  the  two  40-pin  DMA  berg  connec¬ 
tors. 

Figure  2.5  indicates  the  pin  assignment  at  the  IR-CCD  converter  for 
ground,  start  packet,  external  start  convert,  function  1,  and  function  2 
connections  between  the  IR-CCD  device  and  the  interface  board.  This  is  a 

44  H  U 

drawing  (top  view)  of  a  16-pin  dip  socket.  Pins  1,  15,  and  *16  are  the 
only  common  ground  between  the  IR-CCD  device  and  interface  board.  However, 
all  other  unused  pins  are  also  grounded  at  the  interface  board  to  provide  a 
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measure  of  noise  shielding. 

The  analog  voltages  are  supplied  over  an  RG/174U  coaxial  cable.  At 
this  writing  the  shield  of  the  cable  is  ungrounded  at  the  IR-CCD  device  but 
is  grounded  at  the  interface  board. 
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IR-CCD  Micro-processor  Interface  Board 
40-Pin  Berg  Pin  Assignment 


Figure  2 
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DRV11-B  DMA  Interface  Board 
40-Pin  Berg  Pin  Assignment 
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Figure  2.5  Pin  assignment  of  l6-pin  dip  connector  to  IR-CCD  device. 
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III.  Software 


The  discussion  of  the  IR-CCD  Intrusion  Detection  System  software  will 
be  divided  into  three  main  sections.  The  first  of  these  will  present  an 
overview  of  the  basic  program  philosophy  and  include  a  general  discussion  on 
the  Input/Output  procedures.  The  next  section  will  concentrate  on  the  actu¬ 
al  implementation.  This  will  contain  a  very  detailed  look  at  the  computa¬ 
tional  routine,  the  heart  of  the  system.  Finally,  the  last  section  will  un¬ 
dertake  such  topics  as  memory  layout,  partitioning  of  memory  between  MOS-RAM 
and  PROM,  etc. 
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A.  Overview  of  Software  Operations 

A  flow  diagram  for  the  main  executive  routine  of  the  IR-CCD  Intrusion 
Detection  System  is  shown  in  Figure  3.1.  The  DMA  "interrupt  service" 
routine  flow  diagram  is  shown  in  Figure  3.2.  These  two  diagrams  illustrate 
the  basic  philosophy  of  the  software  by  pointing  out  how  the  terminal  han¬ 
dling  function  and  computational  function  of  the  software  interact. 

Input/Output  to  the  terminal  is  all  software  driven  (versus  interrupt 
driven).  This  means  that  the  commands  sent  to  the  routine  by  the  user  and 
the  messages  sent  by  the  routine  t£  the  user  are  carried  on  only  when  noth¬ 
ing  else  is  going  on.  Thus,  the  computations  are  always  given  highest 
priority  as  these  are  interrupt  driven  by  the  DMA  board. 

When  the  main  executive  routine  is  not  being  interrupted  by  the  calcu¬ 
lations,  it  is  in  a  continuous  loop  that  is  always  checking  (i)  if  there  are 
characters  being  typed  in  by  the  user  or  (ii>  if  there  are  any  characters 
that  need  to  be  sent  to  the  terminal.  If  it  is  determined  that  the  user  has 
typed  in  a  character,  the  subroutine  "ttyin"  is  called.  This  routine  stores 
the  characters  in  a  buffer,  places  them  in  an  output  queue  to  eventually 
echo  back  to  the  terminal,  and,  at  the  end  of  a  command  line,  decodes  the 
string  of  characters  in  the  buffer  and  takes  the  appropriate  action  dictated 
by  this  string  of  characters. 

If  it  is  determined  that  there  are  characters  which  need  to  be  sent  to 
the  terminal,  the  subroutine  "send"  is  called.  The  "send"  routine  takes 
characters  (or  strings  of  characters)  that  have  been  placed  on  the  output 
queue  and  in  turn  sends  them  to  the  terminal  via  the  serial  interface. 

When  an  interrupt  is  received  from  the  DMA  indicating  that  a  new  packet 
of  256  data  samples  has  been  loaded  into  memory,  program  control  is 
transfered  from  the  main  executive  routine  (or  some  subroutine  that  was  ul- 
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Figure  3-1  Flow  diagram  of  main  executive  routine. 


-  38  - 


igure  3. 


2  Flow  diagram  of  DMA  interrupt  service  routine 
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timately  called  from  there)  to  the  DMA  interrupt  service  routine.  This 
routine  is  called  "endpk"  in  the  assembly  language  program  section.  Upon 
entering  the  interrupt  service  routine,  the  first  thing  that  must  be  done  is 
to  inhibit  the  cycle  request  pulses  being  received  by  the  DMA  from  the  IR- 
CCD  interface.  This  is  accomplished  by  toggling  the  function  3  line  (con¬ 
trolled  by  bit  3  of  the  DMA  Control  Status  Register)  from  high  to  low  and 
then  back  again.  This  signal  on  the  function  3  line  is  received  by  the 
hardware  on  the  IR-CCD  interface  and  the  cycle  request  pulses  are  halted. 

The  DMA  must  now  be  reinitialized  so  that  it  is  ready  to  start  accept¬ 
ing  the  next  packet  of  256  data  samples.  This  initialization  is  accom¬ 
plished  in  several  steps.  First  of  all,  the  DMA  Word  £ount  Register  (WCR) 
must  be  set  to  -256.  This  allows  the  DMA  to  perform  256  data  transfers  into 
memory  for  the  next  packet.  Secondly,  the  "go"  bit  (bit  0)  of  the  CSR  must 
be  set.  This  lets  one  data  transfer  occur  every  time  a  cycle  request  pulse 
is  received  by  the  DMA  until  all  256  transfers  specified  by  the  WCR  have 
taken  place  for  the  next  packet.  Finally,  the  Bus  Address  Register  (BAR) 
must  be  set  to  point  to  the  location  in  memory  where  it  is  desired  to  start 
loading  the  next  data  packet.  There  are  two  buffers  that  are  used  to  hold 
incoming  data.  These  are  called  "ybufl"  and  "ybuf2".  By  alternating 
between  two  buffers,  it  is  possible  to  start  loading  in  a  new  packet  of  256 
data  samples  before  the  computations  on  the  previous  packet  have  ended.  The 
only  requirement  is  that  the  computations  on  the  old  packet  be  completed  be¬ 
fore  the  computations  on  the  new  packet  are  begun. 

Once  the  DMA  has  been  reinitialized,  the  computational  routine  called 
"crunch"  is  called.  This  is  an  assembly  language  routine  which  actually  im¬ 
plements  the  target  detection  algorithm  of  E23.  The  "crunch"  routine  sets  a 
flag  which  indicates  whether  or  not  a  target  has  been  detected,  and  then 
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this  flag  is  used  by  the  "C"  routine  "irout"  to  display  the  proper  target 
message  on  the  screen.  At  this  point  an  "RTI"  (return  from  interrupt)  in¬ 
struction  is  executed  and  program  control  is  transfered  back  to  the  main  ex¬ 
ecutive  routine  (or  subroutine  called  from  there)  and  terminal  handling 
functions  resume  at  the  point  they  were  before  the  interrupt  occurred. 

When  the  next  256  cycle  request  pulses  have  been  received  by  the  DMA, 
another  interrupt  request  is  generated,  and  the  procedure  is  repeated.  This 
continues  to  occur  every  time  a  new  packet  of  256  data  samples  has  been 
loaded  by  the  DMA  into  memory. 

Another  function  that  the  DMA  handles  besides  providing  for  very  fast 
transfers  of  data  into  memory  is  that  of  allowing  signals  to  be  sent  from 
the  11/03  to  the  IR-CCD  electronics  indicating  a  stare  time  change  is  need¬ 
ed.  This  is  accomplished  by  using  the  function  1  and  function  2  lines  of 
the  DMA  (bits  1  and  2  of  the  CSR).  Figure  3.3  illustrates  the  timing  of 
this  stare  time  changing  sequence.  When  the  computations  calculate  the 
background  spatial  average  and  it  is  determined  that  a  stare  time  change  is 
in  order  (by  comparing  this  average  with  the  thresholds  Cl  and  C2),  the 
software  immediately  sends  out  new  values  of  the  function  1  and  2  lines, 
corresponding  to  this  new  stare  time,  to  the  DMA  board  from  whence  they  are 
sent  to  the  IR-CCD  interface.  At  the  start  of  the  next  packet,  the  hardware 
passes  these  new  function  lines  to  the  IR-CCD  electronics.  Since  the  old 
stare  time  was  still  in  effect  when  this  new  packet  was  optically  integrated 
by  the  IR-CCD  array,  it  is  not  necessary  to  check  again  for  a  stare  time 
change.  When  the  second  packet  after  the  one  where  a  stare  time  change  was 
deemed  necessary  is  ready  to  be  converted  and  loaded  into  memory,  the  new 
function  line  values  are  sent  by  the  hardware  to  the  programmable  digital 
shift  logic  since  this  second  packet  is  the  first  one  to  be  optically  in- 
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tegrated  under  the  new  stare  time.  The  background  spatial  average  is  again 
computed  using  this  new  packet  loaded  in  under  this  new  stare  time  and  this 
value  is  compared  to  scaled  (multiplied  or  divided  by  2)  values  of  the  pre¬ 
vious  Cl  and  C2  threshold  values. 

This  completes  the  overview  of  the  software  operation.  The  next  sec¬ 
tion  will  cover  the  actual  code  that  implements  the  terminal  handling  and 
computational  routines.  For  more  detailed  information  on  use  of  the  DMA, 
the  reader  is  referred  to  C3]. 


B.  Implementation  of  Software 

This  section  explains  how  the  various  functions  of  the  IR-CCD  Intrusion 
Detection  System  were  implemented  in  software.  The  coding  of  the  terminal 
handling  routine  will  be  covered  first/  followed  by  a  discussion  of  the  as¬ 
sembly  language  computational  routine.  Some  more  detailed  remarks  regarding 
these  routines  may  be  found  by  examining  the  comments  in  the  listings  given 
in  Appendix  B. 

The  main  executive  routine  of  the  terminal  handling  section  of  code  was 
covered  in  some  detail  in  the  previous  section  so  this  discussion  will  not 
be  repeated  here.  The  remaining  routines  will  be  discussed  one  at  a  time  in 
the  approximate  order  in  which  they  might  be  called  during  typical  use  of 
the  IR-CCD  Intrusion  Detection  System. 

(1)  initial  -  This  routine  performs  all  initialization  for  the  IR-CCD  In¬ 
trusion  Detection  System.  It  is  called  at  turn  on  time  and  when  the  compu¬ 
tations  are  restarted  after  performing  one  of  the  self-diagnostic  tests. 
The  first  thing  that  is  done  is  to  disable  the  interrupts  from  the  DMA. 
This  prevents  the  calculations  from  being  entered  before  everything  is 
ready.  The  DMA  is  initialized  at  this  time  following  the  same  procedure  as 
discussed  previously  in  the  overview  of  software  operation.  Pointers  to 
various  input  buffers  and  output  queues  are  set  as  well  as  the  initial 
values  for  all  of  the  flags  that  are  used  to  keep  track  of  the  status  of 
various  events.  The  Tektronix  4024  terminal  is  then  initialized.  This  in¬ 
volves  dividing  the  screen  into  appropriately  sized  workspace  and  monitor 
sections/  programming  the  "PT”  key  to  issue  the  "20000G”  sequence/  and  pro¬ 
gramming  the  various  delete  character  and  delete  line  keys.  At  this  point 
it  is  necessary  to  see  if  the  DMA  maintenance  cable  is  in  place.  This  is 
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done  by  sending  out  a  bit  pattern  on  the  three  DMA  function  lines  and  check¬ 
ing  to  see  if  it  is  echoed  back  by  the  three  DMA  status  lines  (as  would  be 
the  case  if  the  cable  were  in  place).  If  the  transmitted  and  received  bit 
patterns  are  the  same/  it  is  assumed  the  maintenance  cable  is  in  place  and 
the  DMA  test  is  entered  by  catling  the  routine  "dmatst".  If  the  two  bit 
patterns  are  not  the  same,  the  rest  of  the  initialization  is  performed. 

The  initial  parameter  display  frame  is  now  constructed  on  the  screen  by 
calling  the  "displayl",  "bss",  "putttyl",  "box",  "alarm",  and  "send" 
routines.  After  this,  all  initial  parameter  values  are  set  by  storing  their 
binary  value  in  "datareg"  and  the  ascii  representation  of  this  value  in  the 
character  array  "datstrng".  This  allows  the  parameter  value  to  be  displayed 
on  the  screen  when  the  appropriate  parameter  changing  routine  (ddsrv,  nnsrv, 
ppsrv,  dsrv,  nsrv,  tsrv,  Clsrv  or  C2srv)  is  called.  The  convention  assumed 
for  all  ascii  strings  is  that  they  will  be  terminated  in  a  0. 

The  final  step  in  the  initialization  procedure  involves  the  DMA.  When 
DMA  interrupts  are  enabled,  an  interrupt  is  immediately  generated  due  to  the 
DMA  being  in  the  ready  state.  Therefore  the  first  interrupt  that  is  re¬ 
ceived  causes  program  control  to  go  to  a  dummy  interrupt  service  routine 
(appropriately  called  "dummy")  which  sets  the  interrupt  vector  pointing  to 
the  actual  end  of  packet  interrupt  service  routine.  This  dummy  interrupt 
service  routine  also  sends  out  the  initial  values  of  the  DMA  function  1  and 
function  2  lines  corresponding  to  the  stare  time  "tref".  After  this,  the 
alarm  disable  flag  is  set  to  allow  the  background  time  average  to  be  comput¬ 
ed  before  enabling  the  alarm,  the  "go"  bit  of  the  DMA  is  set  so  that  the  DMA 
is  now  ready  to  accept  data  samples,  and  the  function  3  line  is  sent  high  to 
inform  the  IR-CCD  custom  interface  that  the  software  is  now  ready. 

(2)  ttyin  -  This  is  the  routine  that  is  primarily  responsible  for  accepting 
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character  data  from  the  terminal.  Called  from  the  main  executive  routine 
whenever  a  character  is  present  at  the  input  of  the  serial  interface,  this 
routine  first  places  characters  into  a  temporary  buffer  until  an  end  of  com¬ 
mand  character  is  received  (carriage  return).  As  each  character  is  re¬ 
ceived,  it  is  tested  to  determine  if  it  is  a  special  erasure  character 
(delete  line  or  delete  character)  and  if  so,  the  appropriate  action  is  tak¬ 
en.  If  the  incoming  character  is  not  a  special  one  (erasure  or  carriage  re¬ 
turn),  the  character  is  echoed  back  to  the  terminal  by  calling  the  "putttyl" 
subroutine.  The  actual  sending  of  the  character  is  handled  by  the  main  exe¬ 
cutive  routine  via  the  calling  of  the  "send"  subroutine.  When  a  carriage 
return  is  detected,  the  subroutines  "parse"  and  "decode"  are  called.  These 
routines  interpret  the  meaning  of  the  incoming  character  string  and  return  a 
number  that  corresponds  to  that  string.  The  value  of  this  number  from  the 
previous  command  string  (stored  in  "oldcomnd")  is  used  for  detecting  an  in¬ 
valid  sequence  of  parameter  or  mnemonic  entries.  When  an  error  of  this  type 
is  detected,  an  appropriate  error  message  is  sent  to  the  screen,  again  via 
the  "putttyl"  subroutine.  At  this  point,  two  C  "switch"  statements  are  used 
to  go  to  the  proper  subroutine  for  handling  the  operation  requested  by  the 
incoming  command  string.  If  the  current  string  is  decoded  and  found  to  be  a 
valid  parameter  mnemonic  or  carriage  return,  a  routine  is  called  which  lists 
the  possible  parameter  values  in  the  case  of  receiving  a  valid  parameter 
mnemonic,  or,  in  the  case  of  receiving  a  carriage  return,  the  routine 
"addfeat"  is  called  to  display  the  additional  features  frame.  If  a  numeric 
string  is  received,  the  routine  "decode"  calls  another  routine  "ascton" 
which  converts  the  incoming  ascii  into  a  binary  number  (appropriately  for¬ 
matted  according  to  the  previously  typed  command).  The  second  "switch" 
statement  is  then  used  to  enter  the  proper  parameter  changing  routine  or,  if 


-  46  - 


expecting  an  additional  feature  selection,  the  routine  "Isrv"  which  in  turn 
goes  to  the  selected  additional  feature  executing  routine.  If  an  error  of 
any  kind  is  detected  at  any  step  along  the  way  (such  as  the  routine  receiv¬ 
ing  two  numeric  character  strings  in  a  row)  an  error  message  is  sent  to  the 
screen  via  the  "putttyl"  routine. 

(3)  putttyl  -  This  is  a  routine  which  puts  the  starting  address  of  a  zero 
terminated  ascii  string  onto  a  circular  queue.  All  messages  to  the  terminal 
from  user  controlled  functions  are  handled  through  this  routine.  The 
pointer  "bfptil"  is  used  to  point  to  the  Location  in  the  queue  where  the 
next  starting  address  of  a  string  is  to  be  placed.  The  operation  of  this 
queue  in  handling  output  to  the  terminal  is  illustrated  in  Figure  3.4. 

(4)  puttty2  -  This  routine  is  identical  to  "putttyl"  except  that  it  is  used 
to  handle  messages  to  the  terminal  from  interrupt  controlled  routines.  This 
primarily  involves  "no  target/target  detected"  messages.  The  use  of  a 
separate  output  queue  for  messages  of  this  type  prevents  the  interruption  of 
the  displaying  of  normal  ascii  strings  (from  user  controlled  functions)  by 
the  arbitrary  occurrence  of  an  interrupt  controlled  message  display  opera¬ 
tion. 

(5)  send  -  This  routine  performs  the  function  of  emptying  the  two  output 
queues  and  actually  sending  the  ascii  strings  to  the  terminal.  Characters 
are  accessed  by  finding  the  starting  address  of  the  ascii  string  being  sent 
out.  This  pointer  to  the  string  is  in  turn  pointed  to  by  "ptout".  See  Fig¬ 
ure  3.4  again.  A  counter  called  "bytecnt"  is  used  to  access  the  next  char¬ 
acter  in  the  current  output  string.  When  the  end  of  line  character  (0)  is 
reached,  "ptout"  is  moved  to  point  to  the  next  location  in  the  circular 
queue.  If  this  location  is  the  same  as  the  location  that  the  input  pointer 


pt i n '  points  to  location  where  next  address  of  an  ascii  string  will  be 
placed . 

al  '  points  to  first  character  in  zero  terminated  ascii  string  1. 

a2 '  points  to  first  character  in  zero  terminated  ascii  string  2. 

a 3'  points  to  first  character  in  zero  terminated  ascii  string  3. 

ptout '  points  to  location  where  pointer  to  next  ascii  string  to 
be  sent  to  terminal  resides. 

bytec^t'  points  to  the  next  character  in  the  string  that  is  currently 
be i ng  sent  out . 

Figure  3.^  Structure  of  output  queues. 


"ptin"  is  pointing  to,  then  alt  messages  have  been  sent  out  and  the  output 
queue  is  empty.  When  both  output  queues  have  been  emptied,  the  "send" 
routine  ends.  The  routine  is  somewhat  intelligent  in  that  it  does  not  just 
arbitrarily  send  characters  to  the  terminal.  When  a  4024  "!Jum"  command  is 
detected  as  being  sent  from  the  interrupt  controlled  output  queue,  it  is 
necessary  to  follow  this  command  with  several  ascii  nulls  to  allow  the  ter¬ 
minal  to  catch  up  during  rapid  message  changing  conditions.  In  data  sent  to 
the  output  queue  from  user  controlled  functions,  there  are  several  often  re¬ 
peated  ascii  strings  which  are  replaced  by  special  single  ascii  characters 
to  save  storage  space  in  PROM.  These  special  characters  and  the  ascii 
string  with  which  the  "send"  routine  replaces  them  are  listed  in  Table  3.1. 
The  lines  of  repeated  underscore  characters  in  the  parameter  display  list 
are  also  coded  in  a  special  form  which  the  send  routine  decodes.  The  con¬ 
vention  used  is  that  if  an  underscore  is  detected,  the  next  character  will 
specify  how  many  times  the  underscore  should  be  repeated. 

(6)  parse  -  This  routine  is  used  to  ensure  that  the  various  typed  in  com¬ 
mand  lines  are  all  in  the  same  format  before  attempting  to  decode  these 
strings  in  the  "decode"  subroutine.  There  are  two  primary  functions  that 
this  routine  handles.  When  a  carriage  return  is  typed,  it  may  mean  one  of 
two  things:  (i)  a  simple  end  of  command  line  or  parameter  entry  terminator, 
or  <ii)  an  actual  command  such  as  when  toggling  between  the  various  screen 
frames.  For  a  numeric  string,  a  carriage  return  would  be  interpreted  by  the 
decoding  routine  as  a  non-numeric  character  and  hence  generate  an  error. 
Thus,  command  and  parameter  type  strings  are  placed  in  a  buffer  with  the 
carriage  return  deleted  and  an  end  of  line  indicator  (0)  placed  after  the 
last  valid  character.  When  a  carriage  return  is  a  vatid  command,  it  is 
placed  in  the  buffer  followed  by  the  terminating  0.  The  second  function  of 
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1 


Ascii  code 

Function  or  Ascii  String  that  Replaces  Special  Character 

001 

"!  JUM" 

002 

"No  error  detected  in" 

003 

"Error  detected  in" 

004 

cursor  positioning  information 

005 

"Hit  'RETURN'" 

Table  3.1  Special  ascii  characters  and  their  corresponding  messages. 
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the  "parse"  routine  is  to  remove  any  leading  blanks  that  may  have  been  typed 
in  before  placing  the  string  in  the  buffer. 

(7)  decode  -  The  command  decoding  routine  serves  several  different  func¬ 
tions.  The  string  of  ascii  characters  that  was  placed  in  a  buffer  (called 
"string")  by  the  "parse"  routine  is  the  primary  input  to  this  routine.  If 
this  string  is  a  valid  command  (such  as  a  parameter  mnemonic,  single  car¬ 
riage  return,  etc.),  the  string  is  interpreted  and  a  numeric  value  is  re¬ 
turned  that  corresponds  uniquely  to  that  command.  If  the  string  if  found  to 
be  numeric  in  nature  (such  as  when  a  parameter  value  is  typed  or  when  an  ad¬ 
ditional  feature  is  selected),  the  routine  "ascton"  is  called.  This  routine 
converts  the  ascii  representations  of  numeric  values  into  appropriately  for¬ 
matted  binary  representations.  If  an  error  was  found  in  converting  the  num¬ 
ber  from  ascii  to  binary  (such  as  more  than  one  decimal  point,  a  non-numeric 
character,  etc.)  an  error  flag  is  returned  by  "ascton"  and  in  turn  passes 
the  error  indicator  on  to  the  "ttyin"  routine  by  returning  the  value  0  as 
the  command  number.  If  the  conversion  to  binary  is  successful,  the  value  10 
is  returned.  The  value  0  is  also  returned  if  an  invalid  command  mnemonic  is 
detected.  Returning  these  different  values  back  to  the  "ttyin"  routine  in¬ 
forms  that  routine  whether  or  not  one  of  the  keyboard  entry  servicing 
routines  (ddlist,  nnlist,  ddsrv,  Isrv,  etc.)  should  be  called,  and  also 
which  routine  is  appropriate. 

(8)  ascton  -  This  routine  converts  ascii  strings  into  appropriately  format¬ 
ed  binary  numbers.  All  numeric  data  entry  into  the  IR-CCD  Intrusion  Detec¬ 
tion  System  from  the  keyboard  is  in  integer  values  except  for  changes  to  the 
"d"  parameter.  The  flag  "oldcomnd"  allows  this  routine  to  know  which  kind 
of  data  to  expect  by  storing  the  number  returned  by  the  "decode"  call  of  the 
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most  recent  valid  command  line.  The  actual  typed  entry  for  any  numeric 
value  may  be  either  integer  or  floating  point.  If  expecting  an  integer 
value,  the  "ascton"  routine  rounds  it  off  to  the  nearest  integer.  Similar¬ 
ly,  when  expecting  a  new  value  for  the  "dM  parameter,  "ascton"  rounds  the 
entry  off  to  2  decimal  (7  binary)  places.  Thus  the  proper  format  for  the 
"d"  parameter  as  stored  in  binary  is  bbbbbbbb.bbbbbbb.  There  are  two  loca¬ 
tions  in  which  the  rounded  off  value  of  the  data  entry  is  placed.  One  is  in 
a  buffer  "datareg"  which  holds  the  formated  binary  representation  and  the 
other  is  a  character  array  buffer  "datstring".  The  ascii  characters  stored 
in  "datstring"  may  be  different  than  those  that  were  typed  in.  This  is  due 
to  the  rounding  operation  described  previously.  All  of  the  routines  which 
expect  numeric  data  look  for  it  in  the  "datareg"  buffer  and  assume  that  the 
binary  is  already  in  the  proper  format  needed  for  that  routine.  Also,  the 
ascii  representation  stored  in  "datstring"  is  transfered  to  another  buffer 
by  these  same  parameter  servicing  routines.  This  allows  the  screen  to  be 
refreshed  without  having  to  convert  the  binary  representation  back  to  ascii. 
A  much  more  detailed  description  of  the  inner  workings  of  the  ascton  routine 
is  contained  in  the  program  comments. 

(9-16)  ddlist,  nnlist,  pplist,  dlist,  nlist,  tlist,  C2list,  Cl  list  -  All  of 
these  routines  are  identical  in  nature  and  therefore  will  be  discussed  to¬ 
gether.  When  a  valid  parameter  mnemonic  is  typed,  a  list  of  possible  param¬ 
eter  values  must  be  displayed  at  the  bottom  of  the  screen.  These  various 
"list"  routines  perform  this  function.  In  each  subroutine  is  a  call  to  the 
"bss"  routine.  This  "bss"  routine  blanks  the  bQttom  of  the  screen  (4024 
monitor  space)  and  refreshes  the  instruction  line  telling  how  to  display  the 
list  of  additional  features.  The  "oldcomnd"  flag  mentioned  previously  in 
the  "ttyin"  and  "ascton"  sections  is  set  in  these  listing  routines. 


(17-24)  ddsrv,  nnsrv,  ppsrv,  dsrv,  nsrv,  tsrv,  Clsrv,  C2srv  -  These  are  the 
routines  that  are  entered  from  the  "ttyin"  routine  actually  to  perform  the 
parameter  changing  operation.  When  each  routine  is  entered,  the  new  parame¬ 
ter  value  is  stored  in  the  buffer  "datareg"  from  the  "ascton"  routine.  This 
value  is  then  tested  to  determine  if  it  is  or*  of  the  allowed  parameter 
values  for  the  variable  that  is  going  to  be  changed.  If  not,  an  error  mes¬ 
sage  is  sent  to  the  screen  via  "putttyl"  and  the  user  is  again  prompted  with 
the  list  of  possible  parameter  values.  When  it  is  determined  that  the  typed 
entry  is  a  valid  parameter,  several  things  can  occur.  With  some  parameters 
there  are  auxiliary  quantities  that  must  be  computed  for  use  by  the  computa¬ 
tional  routine.  If  the  computational  routine  is  entered  before  all  of  these 
auxiliary  quantities  have  been  changed  (which  can  happen  due  to  these  compu¬ 
tations  being  entered  under  interrupt  control),  confusion  wilL  result. 
Therefore,  on  some  parameter  changes  (D,  N,  P,  n.  Cl  and  C2)  the  computa¬ 
tional  routine  is  temporarily  disabled  by  use  of  the  flag  "intflg".  The  new 
parameter  value  may  now  be  moved  from  the  temporary  buffer  "datareg"  and 
placed  in  a  permanent  storage  location.  The  auxiliary  quantities  are  also 
computed  for  those  parameters  where  it  is  appropriate.  These  will  be 
described  in  more  detail  in  the  section  describing  the  computational 
routine.  When  either  N  or  P  is  changed,  the  computations  must  be  started 
from  the  beginning  due  to  the  need  for  a  new  background  time  average.  This 
means  that  arrays  that  store  information  dependent  on  or  used  in  computing 
the  background  time  average  must  be  reset  to  their  starting  state  and  in 
some  cases  cleared  to  zero.  More  will  be  said  about  these  arrays  ("x",  "m", 
and  "a")  in  the  section  describing  the  computational  routine.  In  addition 
to  transferring  the  parameter  value  from  a  temporary  buffer,  the  ascii 
string  representing  this  number  which  was  placed  in  "datstrng"  in  the  "asc- 
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ton"  routine  is  transferee!  to  a  permanent  location.  Storing  this  string  al¬ 
lows  the  parameter  values  to  be  displayed  at  any  time  without  having  to  con¬ 
vert  back  from  binary  to  ascii.  When  all  of  the  necessary  steps  have  been 
completed  in  changing  a  parameter  (completed  as  far  as  the  computations  are 
concerned),  the  new  parameter  value  is  sent  to  the  screen  via  "putttyl"  and 
the  prompt  at  the  bottom  is  changed  back  to  the  instructions  on  how  to  ini¬ 
tiate  a  parameter  change 

(25)  adfeat  -  This  is  a  routine  which  constructs  the  additional  features 
frame  on  the  terminal  screen  by  sending  a  number  of  stored  ascii  strings  to 
the  terminal  via  "putttyl".  Calls  are  made  to  the  "box"  and  "alarm" 
routines  to  aid  in  this  process.  The  subprogram  "box"  draws  the  alarm 
status  box  at  the  bottom  center  of  the  screen  while  "alarm"  fills  in  the  box 
with  the  appropriate  message. 

(26)  putdspl  -  This  routine  constructs  the  parameter  display  frame  on  the 
terminal  screen  by  sending  a  number  of  stored  ascii  strings  to  the  terminal 
via  "putttyl".  Calls  are  made  to  the  "displayl”,  "bss",  "box,"  and  "alarm" 
routines  to  aid  in  this  process.  The  routine  "displayl"  draws  the  parameter 
table  at  the  top  of  the  screen,  "bss"  fills  in  the  prompt  messages  at  the 
bottom,  "box"  draws  the  alarm  status  box,  and  "alarm"  fills  in  the  box  with 
the  appropriate  message. 

(27)  displayl  -  This  routine  aids  "putdspl"  by  constructing  the  parameter 
display  table  at  the  top  of  the  parameter  display  frame. 

(28)  box  -  This  routine  constructs  the  alarm  status  box  at  the  bottom 
center  of  the  various  frames  displayed  on  the  terminal. 

(29)  alarm  -  This  routine  examines  the  flag  "almflg"  indicating  the  current 
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status  of  the  alarm  (disabled,  no  target  detected,  or  target  detected)  and 
then  displays  this  message  inside  of  the  alarm  status  box  constructed  by  the 
"box"  routine. 

(30)  bss  -  This  routine  clears  the  bottom  of  the  screen  (monitor)  and  sends 
the  "Type  L  to  see  list  of  additional  features"  line  to  the  terminal  via 
"putttyl". 

(31)  bds  -  This  routine  clears  the  bottom  of  the  screen  (monitor)  and  sends 
the  invalid  parameter  error  message  to  the  terminal  via  "putttyl". 

(32)  help  -  This  routine  is  called  from  the  "end  of  packet"  interrupt  ser¬ 
vice  routine  "endpk"  when  it  is  determined  that  the  calculations  are  falling 
behind.  The  purpose  of  this  routine  is  to  inform  the  user  of  this  condition 
by  displaying  an  appropriate  message  on  the  terminal  via  "puttty2". 

(33)  irout  -  This  routine  is  called  at  the  end  of  the  computations  and 
determines  if  the  message  presently  in  the  alarm  status  box  is  different 
from  the  one  called  for  by  the  just-completed  computations.  This  allows  the 
message  in  the  alarm  status  box  to  be  updated  only  if  there  is  a  change 
needed  thus  preventing  the  terminal  from  getting  bogged  down,  "irout"  also 
sends  out  the  audible  alarm  (when  enabled)  for  every  packet  for  which  a  tar¬ 
get  is  detected.  This  sustains  the  audible  alarm  for  the  entire  time  that  a 
target  is  present. 

(34)  Isrv  -  This  routine  is  used  to  service  the  additional  features  list. 
If  feature  1  is  selected  (the  toggling  of  the  audible  alarm  status),  an  ap¬ 
propriate  flag  is  set  and  "Isrv"  is  exited.  For  the  remaining  features,  the 
desired  test  routine  is  entered  except  for  the  DMA  test.  In  that  case  only 
the  DMA  test  instructions  are  displayed  and  the  11/03  "halt"  instruction  is 
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issued  if  the  user  desires  to  perform  the  test. 

(35-40)  atodins,  pdsins,  termins,  promins,  ramins,  dmains  -  These  routines 
are  used  to  display  a  brief  description  and/or  instructions  for  each  of  the 
diagnostic  test  routines.  There  are  also  calls  made  to  the  "box"  and 
"alarm"  routines  to  allow  the  alarm  status  box  to  remain  updated  while  the 
test  descriptions  are  on  the  terminal  screen. 

(41)  atodtst  -  This  routine  tests  the  A  to  D  converter  on  the  custom  inter¬ 
face  board  by  loading  samples  into  memory  via  the  DMA  and  then  displaying 
these  samples  on  the  terminal  screen.  The  two  function  lines  are  set  to 
zero  to  allow  all  12  bits  of  the  A  to  D  converter  output  to  be  displayed  on 
the  screen.  The  routine  "atod"  performs  the  actual  data  transfer  and 
conversion  to  ascii,  and  is  called  repeatedly  in  a  while  loop  until  a  char¬ 
acter  is  received  from  the  terminal.  Once  the  test  has  been  completed,  the 
initialization  routine  "initial"  is  called  to  restart  the  program  from  the 
beginning. 

(42)  atod  -  This  is  the  routine  that  actually  controls  the  reading  and 
display  of  samples  from  the  A  to  D  converter.  This  code  is  called  by  both 
the  "atodtst"  and  "pdstst"  routines.  The  first  thing  that  is  done  in  this 
routine  is  to  set  up  the  DMA  for  a  single  word  transfer  into  memory.  Once 
the  "go"  bit  of  the  DMA  is  set,  the  routine  waits  for  a  start  convert  pulse 
to  be  received  by  the  custom  interface  board.  That  initiates  the  actual 
data  transfer.  When  the  DMA  has  completed  loading  the  word  into  memory,  the 
conversion  from  binary  into  ascii  takes  place.  The  word  is  converted  into 
the  ascii  representations  of  both  its  binary  and  decimal  values.  The  de¬ 
cimal  conversion  is  handled  by  the  routine  "atodec".  These  two  representa¬ 
tions  are  then  displayed  on  the  terminal  screen  via  the  "putttyl"  and  "send" 
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routines.  A  slight  delay  is  added  at  the  end  to  prevent  the  4024  terminal 
from  falling  behind. 


(43)  pdstst  -  This  routine  tests  the  programmable  digital  shift  (PDS)  logic 
by  repeatedly  cycling  through  atl  possible  values  of  the  function  1  and  2 
lines,  loading  these  shifted  samples  into  memory  via  the  DMA,  and  finally 
displaying  these  values  on  the  terminal  screen  in  both  binary  and  decimal. 
Initially  both  function  lines  are  set  to  ones  (corresponding  to  tref).  New 
values  are  clocked  in  using  the  start  packet  signal.  The  actual  data  at  the 
output  of  the  PDS  logic  is  loaded  into  memory  via  the  "atod"  routine  where 
the  results  are  then  displayed  on  the  screen  after  the  data  transfer  takes 
place.  The  current  values  of  the  two  function  lines  are  then  displayed  on 
the  screen  before  it  is  determined  if  it  is  time  to  update  these  lines  to 
new  values.  The  test  continues  until  any  character  is  received  from  the 
terminal  via  the  serial  interface.  At  this  point,  the  initialization 
routine  is  called  and  the  program  is  effectively  restarted  from  the  begin¬ 
ning. 

(44)  termtst  -  This  routine  tests  the  Tektronix  4024  terminal  and  the  seri¬ 
al  interface  to  which  the  terminal  is  connected.  The  terminal  is  tested  by 
issuing  the  standard  4024  "test"  command.  For  more  information  about  this 
command  see  C4D.  The  next  segment  of  this  routine  tests  the  serial  inter¬ 
face  and  monitor  section  of  the  4024  screen  by  repeatedly  sending  an  81 
character  long  string  of  ascii  data  to  the  terminal.  The  "putttyl"  and 
"send"  routines  are  used  in  this  process.  There  is  a  short  delay  added 
after  sending  each  line  to  prevent  the  4024  from  lagging  behind  what  is  be¬ 
ing  sent  out  by  the  microprocessor.  The  last  section  of  this  routine  tests 
the  serial  interface  and  workspace  section  of  the  4024  screen  using  the  same 
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method  as  was  used  to  test  the  monitor  section  of  the  screen.  As  with  most 
of  the  other  test  routines,  the  program  is  effectively  restarted  after  com¬ 
pletion  of  the  test  by  calling  the  initialization  routine  "initial". 

(45)  promtst  -  This  routine  computes  two  16  bit  checksums,  one  for  the 
lower  4k  words  of  PROM  and  one  for  the  upper  4k  words  of  PROM.  The  expected 
values  of  these  checksums  are  stored  in  two  words  in  the  upper  4k  block  of 
PROM.  This  section  of  PROM  is  not  used  in  the  computation  of  the  checksum 
for  the  upper  4k  block  of  memory.  Once  these  two  checksums  are  computed, 
they  are  converted  to  the  ascii  representation  of  their  octal  value  by  use 
of  the  “atooct"  routine.  In  a  similar  fashion,  the  expected  values  of  these 
checksums  are  retrieved  from  memory  and  converted  to  ascii  by  calling  the 
"atooct"  routine.  In  addition  to  displaying  these  actual  and  expected 
checksums  on  the  terminal  screen,  comparison  is  made  of  these  values  by  the 
microprocessor  and  an  appropriate  set  of  error/no  error  messages  is 
displayed  on  the  screen.  Upon  receiving  any  character  from  the  terminal, 
the  initialization  routine  is  called  to  restart  calculations  and  the 
"promtst"  routine  is  exited. 

(46)  ramtst  -  This  routine  is  used  to  test  the  integrity  of  each  word  in 
the  main  section  of  RAM  by  writing  unique  bit  patterns  into  a  location  and 
then  trying  to  read  these  patterns  back  to  see  if  they  were  stored  correct¬ 
ly.  This  testing  procedure  is  accomplished  using  three  of  the  general  pur¬ 
pose  registers  to  prevent  destroying  any  useful  information  that  had  been 
previously  stored  in  RAM  (specifically  the  stack  which  is  used  to  hold  all 
subroutine  calling  information).  One  register  is  used  to  point  to  the 
desired  test  location,  one  register  is  used  to  hold  the  original  bit  pat¬ 
tern,  and  the  third  register  acts  as  a  temporary  buffer  to  store  the  origi- 
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nal  contents  of  the  desired  test  location.  If  an  error  is  detected  during 
the  test,  the  location  of  the  error  (the  contents  of  the  register  that  is 
used  to  point  to  the  test  location)  is  converted  to  the  ascii  representation 
of  its  octal  value  using  "atooct"  and  this  value  is  displayed  on  the  screen. 
The  routine  then  waits  for  either  a  continue  symbol  to  proceed  with  the  test 
or  a  terminate  symbol  to  end  the  test.  Whenever  an  error  is  detected,  an 
accummulator  is  incremented  to  keep  track  of  the  total  number  of  errors 
detected.  When  the  test  has  been  completed  (either  by  having  tested  all  RAM 
locations  or  having  the  test  prematurely  terminated  by  the  user)  this  accum- 
mulated  error  count  is  converted  to  decimal  by  "atodec"  and  displayed  on  the 
screen.  Finally,  the  initialization  routine  is  called  to  restart  the  calcu¬ 
lations  and  the  "ramtst"  routine  is  exited. 

(47)  dmatst  -  This  routine  is  used  to  call  repeatedly  the  routine  "dmats" 
which  in  turn  calls  the  actual  DMA  test  routine  which  is  written  in  assembly 
language.  A  call  is  made  to  "dmats"  every  time  a  character  is  received  from 
the  terminal.  The  "dmatst"  routine  is  entered  from  the  routine  "initial" 
when  it  has  been  determined  that  the  DMA  maintenance  cable  is  in  place. 

(48)  dmats  -  This  routine  is  used  to  handle  the  output  end  of  the  DMA  test. 
The  actual  test  routine  is  written  in  assembly  language  and  is  called  "dma". 
In  "dmats"  there  are  seven  global  flags,  one  for  each  function  of  the  DMA 
that  is  to  be  tested.  These  flags  are  originally  set  to  zero.  When  the  as¬ 
sembly  language  routine  "dma"  is  called,  these  flags  are  either  left  at  zero 
(if  no  error  for  the  corresponding  test  is  detected),  or  set  to  a  one  (if  an 
error  _i£  detected).  After  control  has  been  passed  back  to  the  "dmats" 
routine,  these  seven  flags  are  examined  and  an  appropriate  error/no  error 
message  is  displayed  on  the  screen  for  each  segment  of  the  test.  At  this 
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point/  control  is  returned  to  the  "dmatst"  routine. 

(49)  dma  -  This  is  an  assembly  language  routine  that  actually  performs  the 
tests  on  the  various  DMA  functions.  The  user  is  referred  to  C3D  for  more 
complete  details  about  DMA  operation  and  terminology.  The  first  three  tests 
that  this  routine  performs  involve  verifying  the  read/write  capabilities  of 
the  Word  Count  Register,  the  Bus  Wdress  Register  and  the  Data  Buffer 
Register.  This  is  done  by  first  writing  into  each  of  the  various  registers 
an  alternating  zero-one  pattern.  The  WCR,  BAR  and  DBR  are  then  read  back 
and  the  results  compared  to  the  original  pattern.  If  differences  are 
detected,  the  appropriate  error  flags  are  set  and  the  "dma"  routine  contin¬ 
ues  with  the  next  test.  If  no  errors  are  detected,  the  zero-one  pattern  is 
complimented  and  the  test  repeated. 

The  next  DMA  function  that  is  tested  is  the  clearing  of  various  regis¬ 
ters  when  a  bus  INIT  signat  is  sent.  This  is  accomplished  by  setting  all 
possible  bits  in  the  WCR,  BAR,  Control  Status  Register,  and  DBR  and  then  is¬ 
suing  the  "reset"  command  to  send  the  bus  INIT  signal.  The  four  DMA  regis¬ 
ters  are  then  examined  to  see  if  they  have  been  set  to  the  proper  values 
(these  are  not  all  zero  since  some  bits  always  read  as  ones).  If  all  four 
registers  do  not  check  out  properly,  an  error  flag  is  set. 

The  function-status  lines  are  the  next  DMA  section  to  be  tested.  When 
the  DMA  maintenance  cable  is  in  place,  the  three  function  lines  are  fed  back 
into  the  three  status  lines  and  hence  the  status  lines  should  echo  back  what 
is  sent  out  on  the  function  lines  if  all  is  working  properly.  This  portion 
of  the  "dma"  routine  sends  out  all  possible  combinations  of  function  line 
values  and  verifies  whether  or  not  the  correct  values  are  received  by  the 
three  status  lines.  If  all  tests  are  not  successful,  an  error  flag  is  set. 


The  final  two  DMA  tests  involve  the  transferring  of  data  to  and  from 
memory  and  the  issuing  of  interrupts  at  the  end  of  data  transfers.  These 
operations  are  again  accomplished  through  the  use  of  the  DMA  maintenance  ca¬ 
ble.  When  the  maintenance,  interrupt  enable,  and  go  bits  of  the  DMA  C$R  are 
set,  and  the  WCR  and  BAR  have  been  properly  loaded,  the  "BUSY"  line  feeds 
back  into  the  "CYCLE  REQUEST"  line  to  initiate  data  transfers  which  alter¬ 
nately  takes  a  word  from  a  memory  location  pointed  to  by  the  BAR  £r  places 
this  word  in  the  next  consecutive  memory  location.  This  cycle  repeats  it¬ 
self  until  the  WCR  has  been  incremented  to  zero.  At  that  time,  an  interrupt 
request  should  be  issued  by  the  DMA  and  program  control  should  transfer  to 
the  DMA  interrupt  service  routine  "dmaint".  This  assembly  language  routine 
sets  a  flag  to  acknowledge  that  the  interrupt  request  has  been  honored  and 
then  returns  control  back  to  the  "dma"  routine.  After  a  short  delay  to  in¬ 
sure  that  the  interrupt  has  had  enough  time  to  occur  and  to  be  serviced, 
this  flag  is  examined  and  if  it  is  found  to  have  not  been  set  by  the 
"dmaint"  routine,  an  appropriate  error  flag  is  set.  The  final  part  of  the 
"dma"  routine  examines  the  locations  in  memory  where  data  transfers  should 
have  occurred,  and  verifies  whether  or  not  the  proper  values  have  been  load¬ 
ed  into  the  proper  locations.  An  error  flag  is  set  when  an  unsuccessful 
transfer  is  detected.  Program  control  is  then  returned  to  the  "dmats" 
routine  where  the  seven  error  flags  are  examined  and  appropriate  messages 
displayed  on  the  terminal  screen. 

(50)  atodec  -  This  routine  takes  a  16  bit  word  and  converts  it  into  a  char¬ 
acter  string  that  contains  the  ascii  representation  of  the  decimal  value  of 
this  word.  Negative  numbers  are  first  changed  to  positive  numbers  before 
the  actual  conversion  takes  place.  The  conversion  process  itself  involves 
repeatedly  performing  integer  divisions  by  decreasing  powers  of  ten.  The 


61 


results  of  these  divisions  are  the  individual  digits  in  the  binary  coded  de¬ 
cimal  representation  of  the  original  word.  These  digits  are  in  turn  con¬ 
verted  to  ascii  by  adding  60  (octal).  As  with  all  ascii  strings,  a  zero  is 
added  to  the  end  for  a  string  terminator. 

(51)  atooct  -  This  routine  takes  a  16  bit  word  and  converts  it  into  a  char¬ 
acter  string  that  contains  the  ascii  representation  of  the  octal  value  of 
this  word.  The  conversion  is  performed  by  first  masking  off  groups  of  three 
bits  to  get  the  individual  octal  digits,  and  then  converting  these  digits  to 
ascii  by  adding  60  (octal).  A  trailing  zero  is  added  to  the  string  as  a 
terminator. 

(52)  thresh  -  This  is  an  assembly  language  routine  that  computes  a  table  of 
decision  threshold  values  corresponding  to  background  time  averages  in  the 
range  0  to  1023.  The  basic  method  for  computing  the  needed  square  roots  is 
a  Newton-Raphson  type  scheme.  That  is,  the  roots  of  the  equation 

f(X)  =  X2  -  a  =  0 

are  found  by  performing  ten  iterations  of  the  equation 

f(X  ) 

Xn+1  *  Xn  "  T'TITT 
n 


or 


After  these  iterations,  the  value  of  X  will  be  approximately  equal  to  the 
square  root  of  a.  Throughout  this  routine,  numbers  are  carried  around  with 
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an  appropriate  binary  format  to  ensure  integer  accuracy  in  the  final  thres¬ 
hold  values. 

Once  the  above  square  root  is  found,  it  must  be  multiplied  by  two  other 
factors.  These  are  (i)  the  square  root  of  the  quantity  N+1/N  and  (ii)  the  d 
parameter.  The  first  of  these  factors  was  found  via  table  look  up  in  the 
"nnrsv"  routine  and  is  stored  in  the  variable  "sqn".  The  other  factor  was 
stored  in  "smd"  in  the  "dsrv"  routine  and  has  a  format  containing  seven 
binary  places.  After  these  three  terms  are  multiplied  together  using  the 
fixed  point  multiply  instruction,  the  resulting  threshold  is  placed  in  the 
proper  location  in  the  threshold  table  "btab"  pointed  to  by  "bstr". 

(53)  dmaint  -  This  is  a  DMA  interrupt  service  routine  that  is  entered  dur¬ 
ing  the  DMA  diagnostic  test.  The  only  function  it  serves  is  to  set  a  flag 
indicating  that  the  DMA  interrupt  service  request  has  been  honored. 

(54)  halt  -  This  is  an  assembly  language  routine  that  merely  executes  the 
11/03  "halt"  instruction.  This  allows  the  "C"  routine  "Isrv"  to  halt  the 
program  when  the  user  desires  to  perform  the  DMA  diagnostic  test. 

This  concludes  the  discussion  of  what  have  roughly  been  called  the  ter¬ 
minal  handling  routines.  As  mentioned  previously,  more  detailed  comments 
are  contained  in  the  program  listings  in  Appendix  B. 
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The  actual  implementation  of  the  computations  performed  in  the  IR-CCD 
Intrusion  Detection  System  will  now  be  discussed.  This  will  begin  by 
describing  three  main  vectors  which  are  used  to  store  various  quantities 
used  in  the  calculations.  The  first  of  these  vectors  is  one  called  "x". 
This  may  be  thought  of  as  a  first  in-first  out  circular  queue  that  stores 
the  past  data  samples  used  in  computing  the  background  time  average.  Rough¬ 
ly  1  P^-  of  these  samples  are  updated  each  pass  so  that  in  P  passes  one  sam¬ 
ple  from  each  spatial  element  of  the  IR-CCD  array  has  been  stored.  There 
are  N  of  these  samples  from  each  element  that  must  be  stored  thus  giving  the 
queue  a  length  of  N*256  words.  This  queue  may  be  thought  of  as  being  broken 
down  into  N  packets  with  256  elements  in  each  packet  and  each  packet  being 
updated  over  the  course  of  P  passes.  See  Figure  3.5.  There  is  one  pointer, 
called  "xptrM,  which  points  to  both  the  location  where  the  oldest  element  in 
the  queue  may  be  found  and  also  where  the  newest  incoming  element  is  to  be 
placed.  This  allows  the  background  time  average  to  be  computed  by  subtract¬ 
ing  the  oldest  sample  from  an  accumulated  sum  of  samples  and  then  adding  in 
the  newest  sample.  This  newest  sample  is  then  stored  in  the  same  location 
where  the  oldest  sample  was  removed. 

The  second  important  vector  is  one  called  "m".  This  vector  may  be 
thought  of  as  being  divided  into  four  distinct  blocks  of  256  words  each. 
The  first  and  last  256  word  blocks  are  actually  storing  different  parts  of 
the  same  quantity.  This  quantity  is  the  accumulated  double  precision  sum  of 
terms  used  in  computing  the  background  time  average.  In  other  words,  this 
is  the  background  time  average  before  it  is  divided  by  N.  The  first  256 
words  of  "m”  store  the  low  order  word  of  the  double  precision  sum  while  the 
last  256  words  store  the  high  order  word  of  this  sum.  See  Figure  3.6.  Each 
word  of  a  block  corresponds  to  one  cell  of  the  IR-CCD  array. 
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256  elements 


1  Pth  of  one  of  the  N 
is  updated  each  time. 


xptr'  points  to  the  location  where  the  oldest  element  in  the  queue 
s  to  be  removed  and  where  the  newest  element  is  to  be  placed. 


Figure  3-5  Layout  of  "x"  vector. 


packets 
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The  second  256  words  of  the  "m"  vector  store  the  actual  background  time 
average.  This  is  just  the  corresponding  element  of  the  first  (and  last) 
block  of  "m"  divided  by  N. 

The  third  256  words  of  "m"  store  the  decision  thresholds  for  each  of 
the  background  time  averages  in  the  second  256  word  block.  This  decision 
threshold  is  found  via  a  table  look-up  procedure. 

The  last  important  vector  used  in  the  calculations  is  the  "a"  vector. 
This  256  word  vector  stores  the  past  history  of  threshold  violation  informa¬ 
tion.  Each  word  corresponds  to  a  cell  of  the  IR-CCD  array  while  the  various 
bits  of  each  word  correspond  to  the  past  time  instances.  See  Figure  3.7. 
Bit  0  is  always  set  to  zero  as  will  be  explained  later.  Bit  1  of  each  word 
represents  the  threshold  violation  information  of  the  current  packet/  bit  2 
corresponds  to  one  packet  into  the  past/  bit  3  corresponds  to  two  packets 
into  the  past,  etc.  This  format  is  used  to  simplify  the  target-no  target 
decision  process. 

The  computational  routine/  called  "crunch"/  is  written  in  LSI-11  assem¬ 
bly  language  and  may  be  broken  down  into  three  main  parts.  These  are  (i) 
the  computation  of  the  background  spatial  average,  (ii)  the  computation  of 
the  background  time  average,  and  (iii)  the  threshold  comparison  and  decision 
making  section.  The  background  spatial  average  is  computed  by  summing  D 
equally  spaced  samples  from  the  current  packet  of  256  samples  and  then  di¬ 
viding  by  0.  In  the  software  implementation  of  this  calculation,  there  are 
three  auxiliary  variables  that  are  defined  in  "C"  routines  to  speed  the 
routine  up.  "ntbkspav"  is  set  to  equal  the  number  of  terms  used  in  comput¬ 
ing  the  background  spatial  average  (256/D)  and  is  used  as  the  initialization 
for  a  counter  to  keep  track  of  how  many  iterations  are  needed  in  this  compu¬ 
tation.  "tbgd"  is  set  equal  to  2*D  and  is  used  for  stepping  along  the  array 
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of  new  samples  (pointed  to  by  "yptr").  The  factor  of  two  is  due  to  the  word 
length  of  the  LSI-11  being  two  bytes  and  thus,  since  each  integer  value  is 
stored  in  one  word,  it  is  necessary  to  increment  by  two  to  reach  successive 
elements  in  memory.  For  example,  "yptr"  points  to  the  first  element  in  the 
array  of  new  samples,  "yptr"  plus  "tbgd"  points  to  the  0th  element  in  this 
array,  "yptr"  plus  2*"tbgd"  points  to  the  2*Dth  element  in  the  array,  etc. 
The  section  of  code  that  computes  the  sum  of  D  terms  uses  this  procedure  for 
extracting  every  0th  element  from  the  packet  of  new  samples.  The  sum  is 
carried  out  in  double  precision  to  prevent  overflow.  The  third  auxiliary 
variable  "dshft"  is  used  in  dividing  this  sum  by  D.  Since  all  possible  D 
values  are  powers  of  two,  the  division  is  accomplished  by  a  shifting  opera¬ 
tion.  "dshft”  tells  the  assembly  language  shifting  instruction  "ashc"  how 
many  places  to  shift  and  which  direction  (negative  numbers  to  the  right). 
At  this  point  in  the  calculations,  the  background  spatial  average  is  in  r3. 
A  flow  chart  showing  the  computation  of  the  background  spatial  average  and 
stare  time  changing  operation  is  shown  in  Figure  3.8. 

The  first  thing  that  is  done  in  checking  for  a  store  time  change  is  to 
determine  whether  or  not  a  stare  change  was  performed  during  the  previous 
set  of  calculations.  If  a  change  was  indicated,  it  hasn’t  had  time  to  af¬ 
fect  the  current  packet  and  it  would  make  no  sense  to  check  for  a  change 
again.  The  status  of  whether  or  not  a  change  took  place  on  the  previous 
packet  is  indicated  by  the  flag  "fstat". 

Stare  time  changes  are  initiated  by  comparing  the  background  spatial 
average  with  two  thresholds,  one  to  indicate  a  decrease  in  store  time  is 
needed  (C2)  and  one  to  indicate  a  stare  time  increase  is  in  order  (Cl). 
These  thresholds  are  not  constant  for  different  stsre  times.  When  operating 
at  tref,  the  incoming  samples  are  roughly  in  the  range  256  to  511.  When  the 
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gure  3-8  Computation  of  background  spatial  average  and  stare  time 
changing  operation. 


stare  time  decreases  to  tref/2,  the  incoming  samples  are  roughly  in  the 
range  512  to  1023.  Similarly,  at  tref/4  the  samples  range  from  1024  to 
2047,  and  at  tref/8  from  2048  to  4095.  Therefore,  as  tref  decreases,  the 
thresholds  must  be  increased  by  a  factor  of  two  at  each  change.  Similarly 
as  tref  increases,  the  thresholds  must  be  decreased  by  a  factor  of  two  at 
each  change. 

Since  the  current  samples  were  integrated  by  the  IR-CCD  array  with  the 
stare  time  computed  two  packets  before,  it  is  necessary  to  store  this  past 
history  of  stare  times,  "tref"  holds  the  value  that  will  be  computed  for 
the  current  packet,  "trefml"  holds  the  value  computed  one  packet  into  the 
past,  and  "oldtref"  holds  the  value  computed  two  packets  into  the  past.  The 
values  that  are  stored  serve  several  purposes.  These  purposes  and  the  pos¬ 
sible  values  for  "tref",  etc.  are  illustrated  in  Figure  3.9.  This  shows  how 
"tref"  may  be  used  to  change  the  function  1  and  2  lines  and  how  "oldtref", 
the  value  of  "tref"  from  two  packets  ago,  may  be  used  as  a  pointer  to  look 
up  elements  in  the  arrays  "CC1"  and  "CC2"  which  hold  the  properly  scaled 
values  of  the  user  specified  parameters  Cl  and  C2. 

When  it  is  determined  that  one  of  the  thresholds  has  been  violated  and 
that  a  stare  time  change  is  in  order,  the  current  value  of  "tref"  must  be 
checked  to  see  if  it  is  possible  to  increase  or  decrease  the  stare  time  any 
more.  If  a  change  cannot  be  made,  "tref"  is  saturated  at  the  appropriate 
extreme  value.  If  a  change  is  possible,  "tref"  is  updated  by  adding  or  sub¬ 
tracting  2  from  "tref".  This  new  value  is  then  sent  out  on  the  DMA  function 
1  and  function  2  lines  and  the  past  history  of  stare  time  changes  is  updated 
by  moving  "trefml"  to  "oldtref"  and  "tref"  to  "trefml".  This  completes  the 
section  of  code  which  computes  the  background  spatial  average  and  initiates 
a  stare  time  change  when  needed. 
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Figure  3-9  Uses  of  stare  time  information. 


The  second  major  part  of  the  calculations  involves  computing  the  back¬ 
ground  time  average  and  looking  up  in  a  table  the  decision  threshold  that 
corresponds  to  this  time  average.  There  are  a  total  of  256  background  time 
averages  that  must  be  computed,  one  for  each  cell  of  the  IR-CCD  array  and  N 
terms  used  in  computing  each  average.  Over  the  course  of  P  packets,  all  256 
averages  are  updated  by  adding  in  one  new  term  and  subtracting  out  the  old¬ 
est  term.  In  order  to  save  time,  only  one  Pt^1  of  the  cells  are  updated  each 
packet.  There  are  three  auxiliary  variables  defined  in  the  "C"  routine 
"ppsrv"  which  are  used  to  divide  the  calculations  over  P  packets.  These  are 
"nl",  "pnorm",  and  "plast".  These  numbers  are  computed  so  as  roughly  to 
divide  the  computations  evenly  over  each  iteration,  "nl"  indicates  the  to¬ 
tal  number  of  passes  during  which  any  background  time  averages  are  updated. 
For  most  values  of  P,  "nl"  will  be  equal  to  P.  However,  for  some  P  values, 
it  is  more  efficient  in  terms  of  reducing  the  maximum  number  of  cells  that 
are  updated  during  any  single  pass  (worst  case  condition)  to  have  "nl"  less 
than  P.  "pnorm"  is  the  number  of  cells  that  are  updated  during  the  first 
"nl"  minus  1  passes,  while  "plast"  indicates  the  number  of  cells  updated 
during  the  "n1"th  pass.  There  are  no  cells  updated  during  the  remaining  P 
minus  "nl"  passes.  For  example,  with  P  equal  to  12,  "nl"  is  12,  "pnorm"  is 
21  and  "plast"  is  25.  This  means  that  during  the  first  "nl"  -  1  or  11 
passes,  21  cells  are  updated  while  during  the  12t^1  pass,  the  remaining  25 
cells  are  updated. 

Since  the  computations  are  distributed  like  this,  it  is  necessary  to 
store  the  location  of  the  next  cell  to  be  updated  in  the  array  of  256.  This 
is  accomplished  by  storing  three  pointers,  "xptr"  points  to  the  next  loca¬ 
tion  in  the  previously  described  "x"  array  which  holds  past  sample  values, 
"mptr"  points  to  the  next  location  in  the  previously  described  "m"  vector 
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which  holds  the  accumulated  sum  of  terms  used  in  computing  the  background 
time  average,  the  background  time  average  itself,  and  the  corresponding  de¬ 
cision  thresholds,  and  "yincr"  is  used  to  point  to  the  next  location  in  the 
current  array  of  new  samples  whose  start  is  pointed  to  by  "yptr".  It  is 
pointed  out  again  that  due  to  the  addressing  structure  of  the  LSI-11  proces¬ 
sor,  it  is  necessary  to  increment  by  two  to  point  to  successive  words  in 
memory.  This  factor  is  automatically  accounted  for  in  the  various  auto¬ 
increment,  auto-decrement  instruction  modes  C13. 

The  calculation  of  the  background  time  average  begins  by  incrementing  a 
counter  "pent"  which  is  used  to  keep  track  of  which  block  of  the  256  IR-CCD 
cells  is  to  be  worked  on.  Also  performed  at  this  time  is  the  loading  of  the 
various  pointers  into  registers.  These  pointers  indicate  where  the  next 
cell  is  to  be  updated  in  the  "x",  "m",  and  "y"  arrays.  As  mentioned  before, 
"x"  contains  the  past  samples  used  in  computing  the  background  time  average, 
"m"  contains  the  sum  of  N  of  these  samples  for  each  cell,  the  actual  back¬ 
ground  time  average,  and  the  corresponding  threshold,  while  "y"  (actually 
"ybufl"  or  "ybuf2")  is  the  array  of  256  current  samples.  The  pointer  to  the 
"x"  vector  is  checked  to  determine  if  the  last  element  in  the  vector  has 
been  reached  and  if  so,  is  reset  to  point  back  to  the  first  element.  This 
is  where  the  previously  mentioned  circular  nature  of  the  "x"  vector  is  ac¬ 
complished.  The  value  of  "wrap"  is  used  to  determine  when  the  end  of  the 
"x"  vector  is  reached,  "wrap"  is  set  equal  to  2*N*256  (the  two  factor  is 
again  required  in  order  to  skip  words  instead  of  bytes). 

Now  that  all  is  set  up  for  the  calculations  to  begin,  it  must  be  deter¬ 
mined  which  segment  of  calculations  is  to  be  performed.  If  "pent"  is  less 
than  "nl",  program  control  is  transfered  to  a  section  of  code  that  performs 
the  calculations  on  the  next  "pnorm"  cells  of  the  array.  If  "pent"  is  equal 
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to  "nl",  program  control  is  transferee!  to  a  section  of  code  that  performs 
the  calculations  on  the  final  "plast"  cells  of  the  array.  When  all  256 
cells  have  been  updated,  "pent"  is  compared  to  P  (stored  in  "bigp")  to 
determine  if  it  is  time  to  start  updating  the  entire  block  of  256  cells 
again.  If  "pent"  is  equal  to  P,  "pent"  is  set  equal  to  zero  and  the  pro¬ 
cedure  is  started  over  from  the  beginning  at  the  next  pass  through  the  com¬ 
putations.  This  procedure  for  distributing  the  background  time  average  cal¬ 
culations  over  P  packets  is  illustrated  by  the  flow  chart  of  Figure  3.10. 

The  actual  computation  of  the  background  time  average  and  determination 
of  the  corresponding  decision  threshold  for  one  cell  of  the  IR-CCD  array 
will  now  be  discussed.  At  the  beginning  of  a  typical  iteration,  rO  is 
pointing  to  the  proper  element  of  the  current  data  packet,  rl  is  pointing  to 
the  corresponding  element  in  the  first  block  of  256  words  of  the  "m"  vector. 
It  is  noted  that  <1 000) g  +  r2  points  to  the  corresponding  element  of  the 
second  256  words  of  "m"  (the  background  time  average),  (2000)g  +  r2  points 
to  the  corresponding  element  of  the  third  256  words  of  "m"  (the  decision 
thresholds  corresponding  to  the  background  time  averages  in  the  second  256 
words),  and  (3000)g  +  r2  points  to  the  last  256  words  of  "m"  (the  high  order 
word  of  the  double  precision  sum  of  past  samples).  The  first  thing  that  is 
done  in  these  calculations  is  to  subtract  (in  double  precision)  the  oldest 
sample  stored  in  the  "x"  vector  from  the  sum  of  past  samples  stored  in  the 
first  (and  last)  256  word  block  of  "m".  Next,  the  newest  sample,  pointed  to 
by  rO,  is  added  (double  precision)  into  the  accumulated  sum  pointed  to  by 
r2.  This  double  precision  sum  is  then  moved  into  registers  r4  and  r5  and 
the  fixed  point  division  by  N  is  performed  using  the  "div"  instruction. 
After  rounding  off  after  the  division,  the  single  precision  background  time 
average  is  stored  in  the  proper  element  of  the  second  256  word  block  of  "m". 
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Figure  3-10  Distribution  of  calculations  over  P  packets. 


In  the  "dsrv"  and  "nnsrv"  routines,  the  assembly  language  routine 
"thresh"  is  called.  This  routine  sets  up  a  table  of  decision  thresholds  for 
the  current  values  of  N  and  d  where  each  element  in  the  table  corresponds  to 
a  different  background  time  average  ranging  from  0  to  1023.  For  background 
time  averages  greater  than  1023,  it  is  noted  that  dividing  the  average  by  4, 
looking  up  the  corresponding  threshold,  and  multiplying  this  result  by  2 
(since  the  thresholds  are  proportional  to  the  square  root  of  the  background 
time  average)  effectively  extends  the  range  of  the  table  from  0  to  4095.  It 
is  also  noted  that  when  the  stare  time  is  equal  to  "tref"  or  "tref"/2,  sam¬ 
ples  will  range  from  0  to  1023  and  when  the  stare  time  is  equal  to  "tref"/4 
or  "tref"/8,  incoming  samples  will  be  in  the  range  of  roughly  1024  to  4095. 
Thus,  when  the  stare  time  is  equal  to  "tref"  or  "tref'72,  the  threshold 
corresponding  to  the  background  time  average  is  directly  looked  up  in  the 
threshold  table.  When  the  stare  time  is  equal  to  "tref"/4  or  "tref'78,  the 
alternate  look  up  procedure  is  employed. 

Since  word  addresses  must  be  used  to  find  elements  in  the  table,  an  ad¬ 
ditional  factor  of  two  is  found  in  the  code  implementing  the  look  up  opera¬ 
tion.  For  the  two  longer  stare  time,  2  times  the  background  time  average  is 
added  to  the  starting  address  of  the  threshold  table  to  find  the  correspond¬ 
ing  threshold.  For  the  two  shorter  stare  times,  the  background  time  average 
is  only  divided  by  two  (instead  of  four)  before  it  is  added  to  the  starting 
address  of  the  threshold  table  to  find  the  corresponding  threshold.  This 
threshold  is  then  multiplied  by  two  to  get  the  actual  threshold  value.  Once 
the  threshold  is  found  for  any  of  the  various  stare  times,  it  is  stored  in 
the  proper  element  of  the  third  block  of  256  words  of  the  "m”  vector  for  fu¬ 
ture  use  in  the  target  decision  making  process.  The  computation  of  the 
background  time  average  and  corresponding  decision  threshold  for  a  single 
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celt  of  the  IR-CCD  array  is  shown  in  Figure  3.11. 

The  final  segment  of  calculations  involves  performing  the  target-no 
target  decision  process  outlined  in  [23.  The  difference  operation  and 
threshold  comparison  operation  that  is  performed  on  each  of  the  256  elements 
in  the  IR-CCD  array  for  each  new  packet  of  data  is  done  simultaneously  with 
the  actual  target-no  target  decision.  This  portion  of  the  calculations  is 
where  the  previously  described  "a"  vector  comes  into  play. 

The  main  loop  of  this  segment  of  calculations  iterates  over  each  cell 
of  the  array.  The  first  step  in  each  intration  is  to  compute  the  difference 
between  the  background  time  average  stored  in  the  second  256  words  of  "m" 
and  the  array  of  current  data  samples  pointed  to  by  "yptr".  The  absolute 
value  of  this  difference  is  then  taken  and  this  value  is  compared  to  the 
previously  computed  decision  threshold  which  had  been  stored  in  the  third 
256  word  block  of  "m".  If  the  threshold  is  not  violated,  the  bits  in  the 
word  of  "a"  corresponding  to  that  cell  are  shifted  one  place  to  the  left  and 
a  zero  moved  into  the  second  bit.  (As  discussed  previously,  this 
corresponds  to  threshold  violation  information  for  the  current  packet.)  If 
the  threshold  is  violated,  the  bits  in  the  word  of  "a"  corresponding  to  that 
cell  are  also  shifted  one  place  to  the  left  but  in  this  case  a  one  is  placed 
in  the  second  bit.  This  is  the  procedure  that  updates  the  past  history  of 
threshold  violations  for  each  cell  in  the  array.  The  shifting  operation  al¬ 
lows  the  information  stored  during  the  previous  packet  now  to  be  moved  an 
additional  packet  into  the  past.  It  is  now  clear  that  the  target-no  target 
decision  process  merely  involves  summing  the  number  of  ones  contaned  in 
three  adjacent  words  of  "a"  (corresponding  to  three  spatially  adjacent  cells 
of  the  IR-CCD  array),  only  looking  at  the  bits  in  each  word  of  "a"  that 
correspond  to  the  n/3  most  recent  packets. 
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This  brings  up  the  use  of  the  1 —  bit  of  each  word  of  "a"  that  is  al¬ 
ways  set  to  zero.  When  the  bits  corresponding  to  the  n/3  most  recent  pack¬ 
ets  are  masked  off,  a  number  results  in  that  word  of  "a"  which  can  have  at 
most  32  distinct  values  (when  n  equals  5).  The  0  bit  allows  this  word  in 
"a"  to  be  used  as  an  address  to  an  element  in  a  table  whose  value  is  equal 
to  the  number  of  ones  (threshold  violations)  in  that  cell  of  the  array  dur¬ 
ing  the  past  n/3  most  recent  packets.  This  is  the  procedure  employed  here. 

The  actual  implementation  of  this  decision  process  involves  the  use  of 
the  stack  (pointed  to  by  sp)  and  an  accumulator  r5.  For  any  iteration 
through  this  section  of  code,  r5  contains  the  sum  of  the  number  of  threshold 
violations  in  the  previous  two  cells  (this  is  why  no  alarm  decision  is  made 
for  the  first  two  cells).  The  number  of  threshold  violations  for  the 
current  cell  is  found  by  table  look-up.  This  number  is  stored  on  the  stack 
(to  enable  subtraction  from  the  total  number  of  ones  for  two  cells  ahead) 
and  also  added  to  r5.  Register  5  now  contains  the  total  number  of  threshold 
violations  for  three  spatially  adjacent  cells  over  the  n/3  most  recent  pack¬ 
ets.  This  sum  in  r5  is  then  compared  to  t.  If  the  sum  in  r5  is  greater 
than  or  equal  to  t,  a  flag  (called  "tar”)  is  set  indicating  a  target  has  be 
detected.  If  the  sum  in  r5  is  less  than  t,  the  number  of  threshold  viola¬ 
tions  two  cells  before  is  subtracted  from  the  sum  in  r5.  This  set  of  calcu¬ 
lations  is  then  repeated  until  all  256  cells  have  been  completed.  If  no 
target  is  detected  during  any  of  these  iterations,  the  flag  "tar"  is  left 
set  to  zero.  This  completes  the  computations.  Figure  3.12  illustrates  this 
target-no  target  decision  process. 


Figure  3-12  Target/Ho  target  decision  process 
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C.  Memory  Organization 


There  are  a  total  of  16896  words  (33792  bytes)  of  MOS-RAM  and  8192 
words  16384  bytes)  of  EPROM  contained  in  the  IR-CCD  Intrusion  Detection  Sys¬ 
tem.  16384  of  the  RAM  words  are  contained  on  the  MSV11-DC  board  while  the 
remaining  512  words  are  equally  divided  on  the  two  MRV11-BA  uv  PROM/RAM 
boards.  There  are  4096  words  of  PROM  on  each  of  the  two  PROM  boards. 

The  partitioning  of  memory  between  RAM  and  PROM  is  illustrated  in  Fig¬ 
ure  3.13.  The  256  words  of  RAM  from  one  of  the  PROM  boards  starts  at  ad¬ 
dress  0.  This  block  of  memory  provides  space  for  interrupt  vectors,  trap 
vectors,  etc.  At  this  point  there  is  a  3840  word  gap  in  the  addressing  of 
memory  locations.  This  allows  PROM  to  start  at  a  4k  word-multiple.  The 
lower  4k  words  of  PROM  start  at  address  (20000)^  while  the  upper  4k  words 
follow  immediately  after  at  address  (40000)g.  The  16k  words  of  RAM  on  the 
MSV11-DC  start  at  address  (6000Q)g  while  the  remaining  256  words  of  RAM  from 
the  second  PROM  bound  start  at  address  (160000)g. 

The  locations  of  several  of  the  more  important  arrays  in  the  calcula¬ 
tions  are  shown  in  Figure  3.14.  These  arrays  are  discussed  in  more  detail 
in  Sections  III. A  and  III.B  but  will  be  briefly  summarized  here.  "ybufl" 
and  "ybuf2"  are  input  buffers  which  contain  data  from  the  two  most  recent 
packets,  "x"  is  the  vector  that  contains  past  data  used  in  computing  the 
background  time  average.  The  "m"  vector  contains  several  different  quanti¬ 
ties.  The  first  and  last  blocks  of  256  words  in  "m"  contain  the  low  and 
high  order  words  respectively  of  the  sum  of  all  the  terms  in  the  background 
time  average.  The  second  256  word  block  of  "m”  contains  the  actual  back¬ 
ground  time  average  while  the  third  256  word  block  contains  the  decision 
thresholds  corresponding  to  the  background  time  averages  stored  in  the 
second  256  word  block.  The  "a"  vector  contains  the  past  histories  of  thres- 
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Partitioning  of  memory  between  RAM  and  PROM. 
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hold  violation  information  for  each  of  the  256  cells  of  IR-CCA  array.  The 
PDP-11/03  stack  starts  at  the  high  end  of  RAM  and  sequentially  fills  up 
words  in  descending  address  order.  The  stack  is  used  in  the  calculations 
and  also  for  keeping  track  of  subroutine  calls  and  passing  parameters. 

The  symbol  table  contained  in  Appendix  B  is  useful  for  probing  around 
inside  memory  (using  ODT)  to  obtain  current  values  of  various  variables. 
Use  of  this  table  is  best  illustrated  by  a  couple  of  examples.  If  the 
current  value  of  the  variable  "pent"  were  desired,  the  user  would  simply 
find  the  entry  "_pcnt"  in  the  table.  (The  "C"  compiler  automatically 
prepends  an  underscore  to  the  start  of  all  variable  names.)  To  the  left  of 
this  name  is  the  number  "62052".  This  is  the  address  in  octal  where  the 
value  of  "pent"  is  stored.  This  location  may  be  accessed  via  ODT  as  ex¬ 
plained  in  C13.  Similarly,  if  it  were  desired  to  examine  the  entries  in  the 
array  "btab",  one  would  find  the  address  to  the  left  of  the  "_btab"  entry  in 
the  symbol  table.  This  number  (137122)  is  the  address  (in  octal)  of  the 
first  entry  in  the  array.  The  second  entry  would  be  stored  in  location 
137124,  the  third  in  137126,  etc.  As  before  these  entries  may  be  examined 
using  ODT. 
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IV.  Maintenance 


A.  Preliminaries  to  Testing 

To  shut  down  power  while  the  system  is  operating,  disconnect  the  analog 
CCD  signal  line,  disconnect  the  16-pin  connector  at  the  IR-CCD  device  and 
switch  power  to  "off"  at  the  right  rear  of  the  card  cage.  To  power  up,  sim¬ 
ply  reverse  the  order. 

To  use  the  card  extender (s),  shut  down  power  as  above,  remove  board  to 
be  inspected,  insert  card  extender  with  finger  "notch"  to  the  left.  Insert 
board  into  card  extender  (you  should  provide  support  to  the  rear  of  the 
board).  Power  up  as  above.  When  the  interface  board  is  to  be  inspected, 
removal  of  the  DMA  board  below  the  interface  is  requi red  due  to  the 
thickness  of  the  interface  board.  After  DMA  and  Interface  removal,  the  DMA 
should  be  inserted  for  proper  testing  to  occur.  You  do  not  have  to  discon¬ 
nect  the  ribbon  connector  between  interface  and  DMA  in  order  to  remove  ei¬ 
ther  board.  Board  locations  in  the  card  cage  itself  are  shown  in  Figure 
4.1. 


B.  Calibration  Procedures  and  Use  of  Maintenance  Software 

The  only  times  the  card  extender  need  be  used  are  when  a  problem  is 
suspected  in  a  board  or  when  calibration  of  the  A/D  and  sample-and-hold 
gain,  offset,  and  input  voltage  range  is  required.  The  A/D  converter  has 
two  input  voltage  ranges:  0  to  +5  volts,  and  0  to  +10  volts.  In  order  to 
operate  on  the  0  to  +5  volts  range,  jumper  J1  (pin  025  on  the  ADC85C-12  un¬ 
it)  must  be  connected  to  pin  022  on  the  ADC85C-12  unit.  In  order  to  operate 
on  the  0  to  +10  volts  range,  jumper  J1  must  be  connected  to  pin  A  (open). 
Pin  022  and  pin  A  are  both  short  in  length.  See  Figure  4.2  for  location  of 
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Figure  4.1  Board  locations  in  card  cage 


To  adjust  the  gain  of  the  sample-and-hold  device,  apply  a  known  dc  vol¬ 
tage  on  the  analog  line,  with  the  PDP-11 /03  powered  up.  Measure  the  voltage 
between  "COM"  on  the  SHM60  and  Pin  #30  on  the  A/D  converter.  This  voltage 
is  the  output  voltage  of  the  sample  and  hold  device.  Adjust  the  potentiome¬ 
ter  ("pot")  marked  "GAIN"  until  the  proper  output  voltage  is  seen. 

There  are  two  types  of  offset  possible:  voltage  offset,  and  charge 
offset.  A  pot  is  provided  for  each.  The  voltage  offset  should  be  adjusted 
to  zero  by  grounding  the  analog  input,  observing  the  SHM60  output  on  pin  #30 
of  the  A/D  converter  and  adjusting  the  pot  marked  "VOLTAGE"  until  the  output 
voltage  indicates  zero.  The  analog  signal  can  be  grounded  by  removing 
jumper  J2  and  connecting  it  to  "COM"  on  the  SHM60. 

The  charge  offset  is  the  error  between  the  sample  value  and  the  hold 
value  out  of  the  SHM60.  This  charge  offset  should  be  adjusted  using  the  pot 
marked  "CHARGE"  so  that  a  zero  volt  input  just  barely  causes  only  the  least 
significant  bit  <LSB>  to  toggle  on  and  off.  To  perform  this  operation 
ground  the  analog  input  as  above,  examine  the  least  significant  bit  which  is 
pin  #1  of  the  A/D  converter,  adjust  "CHARGE"  until  only  the  LSB  toggles. 
(The  charge  offset  might  be  considerable  in  order  for  this  to  happen.  If 
you  are  unable  to  do  this,  you  can  raise  the  voltage  offset  away  from  zero.) 
Another  approach  is  to  examine  the  entire  12-bit  A/D  values  using  the 
software  test  that  looks  at  A/D  converter  output  via  the  terminal.  (This  is 
option  #2  on  the  "Additional  Features"  terminal  display  frame.)  Again  ground 
the  analog  input  and  adjust  "CHARGE"  until  only  the  LSB  toggles. 

This  software  test  routine  can  also  be  used  to  adjust  the  overall  gain 
of  the  SHM60  and  the  A/D  converter  so  that  a  known  maximum  analog  input  vol¬ 
tage  turns  on  all  the  A/D  converter  bits.  To  do  this,  simply  apply  the 
known  maximum  analog  voltage,  enter  the  software  test  routine,  adjust  "GAIN" 
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until  all  but  the  LSB  are  on,  and  the  LSB  toggles.  Bit  #12  (1,2,. ..,12) 
will  always  be  low  as  it  is  the  sign  bit. 

The  use  of  the  various  software  maintenance  routines  will  now  be 
covered.  Each  test  routine  will  be  discussed  individually  and  possible  rea¬ 
sons  for  test  failure  will  be  given.  Several  of  the  routines  utilize  more 
than  one  section  of  the  IR-CCD  Intrusion  Detection  System  hardware  and  hence 
care  should  be  used  in  diagnosing  problems. 

(1)  A  to  D  Test  -  This  routine  displays  the  output  of  the  A  to  D  converter 
on  the  4024  screen  in  both  binary  and  decimal.  The  test  works  by  taking  a 
sample  from  the  A/D  converter,  setting  the  function  lines  to  display  all  12 
bits  out  of  the  programmable  digital  shift  (PDS)  logic,  and  writing  this 
sample  into  a  location  in  the  11/03’s  memory  using  a  single  word  DMA 
transfer.  This  word  is  then  converted  to  ascii  and  displayed  on  the  termi¬ 
nal  screen.  Hence,  failure  of  the  test  could  imply  problems  in  either  the  A 
to  D  converter,  the  PDS  logic,  the  DMA  board,  the  RAM  board,  the  serial  in¬ 
terface,  the  terminal,  or  any  of  the  connections  between  these  devices. 

The  A  to  D  test  is  entered  by  typing  a  "2"  followed  by  a  carriage  re¬ 
turn  when  the  terminal  is  displaying  the  additional  features  frame.  At  this 
point  a  brief  description  of  the  test  will  appear  on  the  4024  screen.  If 
the  user  then  types  another  carriage  return,  the  actual  A  to  D  test  routine 
will  begin  execution.  When  this  happens,  there  will  be  two  numbers 
displayed  on  the  screen,  one  on  the  upper  left  portion  and  one  on  the  upper 
right  portion.  The  number  on  the  left  is  the  binary  value  being  read  from 
the  A  to  D  converter  while  the  number  on  the  right  is  the  decimal  value. 
These  numbers  are  continually  updated  at  a  rate  of  about  five  to  ten  times  a 
second  depending  on  the  clock  frequency.  For  this  test  to  work,  it  is 
necessary  for  both  the  "start  convert"  and  "start  packet"  signals  to  be  con- 
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nected  to  the  custom  interface  board.  The  "start  convert"  signal  initiates 
the  data  conversions  and  also  pulses  the  DMA  cycle  request  line  to  load  the 
samples  into  memory.  The  "start  packet"  line  is  used  to  clock  the  flip- 
flops  which  set  the  function  line  values  to  the  PDS  logic.  The  test  is  ter¬ 
minated  by  typing  any  standard  ascii  key. 

Results  of  the  test  are  dependent  on  what  analog  voltage  level  is  being 
input  to  the  sample-and-hold  and  how  the  gain,  offset,  etc.  of  the  A  to  D 
and  sample-and-hold  are  set.  When  all  adjustments  are  set  properly  as  dis¬ 
cussed  previously,  and  the  analog  input  is  grounded,  the  values  displayed  on 
the  screen  should  be  approximately  zero  (within  about  one  LSB).  As  the  ana¬ 
log  input  is  increased,  the  numbers  on  the  screen  should  increase  also  until 
full  scale  is  reached  (all  12  bits  should  be  ones).  The  full  scale  input 
voltage  level  will  depend  on  the  gain  setting  of  the  sample-and-hold  and  the 
input  range  setting.  This  full  scale  saturation  test  is  useful  for  deter¬ 
mining  if  bits  are  being  dropped  somewhere  along  the  way.  This  condition 
could  be  caused  by  say  a  broken  wire  in  one  of  the  lines  between  the  custom 
interface  board  and  the  DMA  board.  Other  possibilties  exist.  The  linearity 
of  the  A  to  D  conversion  process  may  also  be  examined  using  the  A  to  D  test 
routine.  When  the  analog  input  level  is  doubled,  the  number  displayed  on 
the  terminal  screen  should  also  double.  Obviously,  A/D  monotonicity  can 
also  be  checked  this  way.  This  routine  is  also  useful  for  checking  the  in¬ 
put  level  from  the  IR-CCD  array. 

(2)  Programmable  Digital  Shift  Logic  Test  -  This  routine  is  virtually 
identical  to  the  A  to  D  test  routine  except  that  the  function  lines  are  re¬ 
peatedly  cycled  through  the  various  possible  combinations  which  in  turn 
cause  the  PDS  logic  to  perform  shifting  operations.  As  before,  the  output 
from  the  PDS  logic  is  displayed  on  the  screen  in  both  binary  and  decimal. 
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In  addition,  the  current  values  of  the  function  1  and  function  2  lines  are 
displayed  on  the  screen.  Like  the  A  to  D  test,  there  are  several  different 
devices  involved  in  the  test  execution  and  hence  several  different  places  to 
look  for  problems  if  test  results  are  not  as  expected. 

The  PCS  test  is  entered  by  typing  a  "3"  followed  by  a  carriage  return 
when  the  terminal  is  displaying  the  additional  feature  frame.  This  causes  a 
brief  test  description  (including  a  table  that  indicates  how  many  bits  from 
the  A  to  D  converter  should  be  present  at  the  output  of  the  PDS  logic)  to  be 
displayed  on  the  screen.  Typing  another  carriage  return  uses  the  PDS  test 
routine  to  begin  execution.  As  with  the  A  to  D  test,  there  will  be  two  num¬ 
bers  displayed  on  the  screen.  The  binary  representation  will  be  at  the 
upper  left  while  the  decimal  representation  will  be  at  the  upper  right.  In 
addition,  the  current  values  of  the  two  function  lines  will  appear  in  the 
center  of  the  screen.  The  data  values  displayed  on  the  screen  are  continu¬ 
ally  updated  at  a  rate  of  about  five  to  ten  times  a  second  while  the  func¬ 
tion  line  values  change  every  one  to  two  seconds.  Like  the  A  to  D  test  both 
the  "start  convert"  and  "start  packet"  signals  must  be  applied  to  the  custom 
interface  board.  The  test  is  terminated  by  typing  any  standard  ascii  key. 

When  analog  voltages  are  applied  to  the  analog  input  line  of  the  custom 
interface  board,  the  corresponding  digital  values  should  appear  on  the  ter¬ 
minal  screen.  These  values  are  dependent  on  the  A  to  D/samp le-and-ho Id 
calibration  and  the  current  values  of  the  two  function  lines.  An  example  of 
the  display  values  for  the  various  function  line  settings  is  shown  in  Table 
4.1  for  the  case  where  the  A  to  D  is  driven  full  scale.  It  is  seen  that 
changing  the  function  lines  changes  the  digital  values  by  factors  of  two. 


-  94  - 


Function  Lines  Output  of  PDS  Logic 

fl  f2  Binary  Decimal 

0  0  111111111111  4095 

1  0  011111111111  2047 

0  1  001111111111  1023 

1  1  000111111111  511 

Table  4.1  Example  of  output  from  PDS  logic  test. 

Sometimes  it  is  useful  to  use  this  test  routine  in  conjunction  with 
some  of  the  others  to  help  isolate  a  problem  area.  For  instance,  if  the  PDS 
test  results  do  not  appear  correct,  the  problem  may  be  with  the  DMA  since 
that  device  is  used  to  load  data  samples  into  memory  during  the  PDS  test. 
Hence,  execution  of  the  DMA  test  routine  might  aid  in  isolating  the  problem. 
Another  case  might  be  that  the  A  to  D  test  appears  to  work  properly  but  the 
PDS  test  fails  (the  numbers  do  not  shift).  This  could  indicate  a  break  in 
one  or  both  of  the  function  lines  connecting  the  DMA  to  the  custom  inter¬ 
face,  a  bad  flip-flop  on  the  custom  interface  board  (not  clocking  the  func¬ 
tion  line  values  to  the  PDS  logic)  or  possibly  the  PDS  logic  chips  them¬ 
selves  being  bad. 

(3)  DMA  Test  -  This  routine  tests  seven  different  facets  of  DMA  operation. 
The  user  is  referred  to  C3]  for  more  specific  details  about  the  DMA  board. 
A  complete  discussion  of  the  items  tested  and  the  implementation  of  the  test 
routine  is  given  in  Section  III.B(4a)  in  the  discussion  of  the  "dma"  assem¬ 
bly  language  subroutine.  The  description  here  will  discuss  the  use  of  this 
test  routine  rather  than  the  routine  itself. 


The  DMA  test  may  not  be  entered  directly  from  the  additional  features 
frame  due  to  the  need  for  inserting  the  DMA  maintenance  cable.  When  the  ad¬ 
ditional  features  frame  does  appear  on  the  screen  the  user  may  type  a  "4" 
followed  by  a  carriage  return  to  display  a  brief  summary  of  the  DMA  test. 
When  the  user  hits  another  carriage  return,  a  PDP-11 /03  "halt"  instruction 
is  executed  and  the  processor  returns  to  the  ODT  mode.  At  this  point  the 
following  procedure  should  be  executed  to  perform  the  DMA  test: 

(i)  Disconnect  signals  from  custom  interface  board. 

(ii)  Power  down  11/03  processor. 

(iii)  Partially  remove  DMA  board  so  ribbon  cable  connectors  are  acces¬ 
sible. 

(iv)  Disconnect  both  ribbon  cables  from  DMA  board. 

(v)  Insert  DMA  maintenance  cable  between  two  connectors  on  DMA 
board. 

(vi)  Reinsert  DMA  board  into  slot. 

(vii)  Power  up  11/03  processor. 

(viii)  Issue  "20000G"  sequence  as  outlined  in  startup  procedures. 

One  of  the  first  things  that  the  initialization  routine  does  is  test  if 
the  DMA  maintenance  cable  is  in  place  by  sending  out  values  on  the  three 
function  lines  and  determining  if  these  values  are  read  back  correctly  by 
the  three  status  lines  (as  will  be  the  case  if  the  maintenance  cable  is  in 
place).  If  issuing  the  "20000G"  sequence  when  the  DMA  maintenance  cable  is 
in  place  does  not  start  execution  of  the  DMA  test  routine,  check  connections 
of  the  maintenance  cable  and  try  again.  If  the  test  is  still  not  entered, 
it  is  likely  that  there  is  a  problem  with  the  DMA. 

When  the  DMA  test  routine  is  executed,  seven  lines  will  appear  on  the 
terminal  screen  which  will  indicate  the  success  or  failure  of  each  of  the 


-  96  - 


m 


seven  DMA  functions  tested.  These  display  messages  are  shown  in  Table  4.2. 
The  execution  of  the  test  routine  is  repeated  any  time  a  standard  ascii  key 
is  typed  on  the  keyboard.  The  test  is  terminated  by  hitting  the  ’break’  key 
rapidly  twice  in  succession.  This  returns  the  processor  back  to  the  ODT 
mode.  To  restart  the  program  for  the  normal  execution  again,  the  procedure 
outlined  for  entering  the  DMA  test  should  be  reversed. 

1  (Error/No  error)  detected  in  R/W  of  WCR. 

2  (Error/No  error)  detected  in  R/W  of  BAR. 

3  (Error/No  error)  detected  in  R/W  of  DBR. 

4  (Improper/Proper)  response  received  from  INIT  signal. 

5  (Error/No  error)  detected  in  function-status  lines. 

6  End  of  transfer  interrupt  (not  detected/detected). 

7  (Error/No  error)  detected  in  data  transfer  test. 

Table  4.2  Possible  messages  displayed  by  DMA  test. 

(4)  RAM  Integrity  Test  -  This  routine  tests  the  read/write  capabilities  of 
the  roughly  16k  words  of  RAM.  This  is  accomplished  by  writing  unique  bit 
patterns  into  each  memory  location  and  then  attempting  to  read  these  pat¬ 
terns  back.  If  the  patterns  read  back  do  not  agree  with  what  should  have 
been  written  in,  an  error  is  signaled. 

The  RAM  test  is  entered  by  typing  a  "5"  followed  by  a  carriage  return 
when  the  terminal  is  displaying  the  additional  features  frame.  This  causes 
a  brief  description  of  the  test  to  be  displayed  on  the  terminal  screen. 
When  another  carriage  return  is  typed,  the  RAM  test  routine  begins  execu¬ 
tion. 
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If  no  errors  are  detected  during  the  entire  test/  a  message  to  that  ef¬ 
fect  is  displayed  on  the  screen.  Typing  any  standard  ascii  character  will 
then  terminate  the  test  and  cause  the  computations  to  be  restarted  at  de¬ 
fault  parameter  values.  When  an  error  _i!S  detected/  the  location  of  the  er¬ 
ror  (in  octal)  is  displayed  on  the  screen  and  the  routine  waits  for  the  user 
to  type  a  command.  If  the  user  types  a  carriage  return  at  this  point/  the 
test  proceeds  until  either  another  error  is  detected  (at  which  point  the 
routine  waits  again)/  or  the  end  of  RAM  is  reached.  When  the  end  is 
reached/  the  total  number  of  errors  detected  is  displayed  on  the  screen  in 
decimal.  The  test  will  then  terminate  when  the  user  types  any  standard 
ascii  character  and  the  calculations  will  be  restarted  with  default  parame¬ 
ter  values.  On  the  other  hand/  if  the  user  types  an  ascii  character  other 
than  a  carriage  return  after  an  error  has  been  detected,  the  routine  will 
stop  testing  RAM  locations  momentarily  display  the  accummulated  error  count 
up  to  that  point  on  the  screen,  and  finally  restart  the  target  detection 
calculations  from  the  beginning  with  default  parameter  values. 

(5)  PROM  Checksum  Test  -  This  routine  computes  two  16  bit  checksums,  one 
for  the  lower  4k  words  of  PROM  and  one  for  the  upper  4k  words.  These  check¬ 
sums  are  then  compared  to  their  expected  values  (stored  in  two  locations  of 
PROM)  and  results  displayed  on  the  terminal  screen.  This  test  is  intended 
only  to  indicate  that  there  is  a  problem  in  one  or  more  of  the  EPROMS.  A 
more  detailed  procedure  for  isolating  PROM  errors  and  what  to  do  about  them 
is  given  in  Section  IV. C. 

The  PROM  test  is  entered  by  typing  a  "6"  followed  by  a  carriage  return 
when  the  terminal  is  displaying  the  additional  features  frame.  This  causes 
a  brief  description  of  the  test  to  be  displayed  on  the  terminal  screen. 
When  another  carriage  return  is  typed,  the  PROM  test  begins  execution. 
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When  the  routine  has  finished  computing  the  two  checksums,  four  numbers 
are  displayed  on  the  screen.  On  the  left  side  near  the  top  are  the  actual 
and  expected  checksums  for  the  lower  4k  words  of  PROM  while  at  the  right 
side  near  the  top  are  the  actual  and  expected  checksums  for  the  upper  4k 
words  of  PROM.  The  expected  checksum  for  the  lower  4k  words  is  (at  this 
writing)  061224  while  the  checksum  for  the  upper  4k  word  block  is  174240. 
In  addition  to  these  four  numbers,  one  or  two  sentences  are  displayed  sum¬ 
marizing  the  results  of  the  test  (whether  or  not  the  actual  checksums  agree 
with  the  expected  checksums  and  if  applicable  which  4k  block(s)  or  PROM  are 
suspect.  If  errors  are  detected  during  this  test,  it  is  suggested  that  the 
user  perform  the  additional  PROM  checksum  computations  outlined  in  Section 
IV. C  to  help  isolate  which  EPROM  chip(s)  is(are)  suspect.  That  section  also 
contains  information  about  reburning  PROMS  if  necessary. 

(6)  Terminal/Serial  Interface  Test  -  This  test  is  intended  to  test  both  the 
Tektronix  4024  terminal  and  the  0LV11  serial  line  unit.  The  routine  is  di¬ 
vided  into  three  main  sections.  The  first  section  tests  the  terminal  itself 
by  issuing  the  standard  4024  "test"  command.  The  serial  interface  and  moni¬ 
tor  section  of  the  terminal  are  then  tested  by  repeatedly  sending  a  line  of 
81  ascii  characters  to  the  monitor  section  of  the  terminal.  The  81  charac¬ 
ter  length  causes  the  4024  automatically  to  issue  a  carriage  return  (screen 
"wrap  around")  once  for  each  set  of  81  characters  sent.  This  in  turn  causes 
the  line  of  characters  to  begin  one  column  to  the  right  each  time  and  hence 
makes  detecting  any  discrepencies  easier.  This  also  allows  each  of  the 
ascii  characters  used  in  the  81  character  line  to  assume  every  possible  po¬ 
sition  on  the  screen.  The  final  section  of  this  routine  tests  the  serial 
interface  and  workspace  section  of  the  4024  screen  in  a  manner  identical  to 
that  used  for  the  monitor  space. 
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The  terminal/serial  interface  test  is  entered  by  typing  a  "7"  followed 
by  a  carriage  return  when  the  terminal  is  displaying  the  additional  features 
frame.  This  causes  a  brief  description  of  the  test  to  be  displayed  on  the 
terminal  screen.  When  another  carriage  return  is  typed,  the  terminal/serial 
interface  test  routine  begins  execution. 

Upon  completion  of  the  standard  4024  test  routine,  a  bell  is  sounded 
and  the  screen  is  left  displaying  the  results  of  the  test.  The  user  is  re¬ 
ferred  to  C4]  for  information  on  interpreting  these  results.  A  prompt  is 
also  displayed  on  the  screen  instructing  the  user  to  type  a  carriage  return 
to  proceed  with  the  terminal/serial  interface  test.  When  this  is  done,  the 
terminal  should  begin  displaying  the  81  character  ascii  lines  in  the  monitor 
section  of  the  4024  (the  monitor  has  been  defined  to  be  the  entire  screen). 
When  the  visible  portion  of  the  monitor  is  full,  the  screen  will  begin 
scrolling  and  continue  indefinitely  in  this  fashion  until  the  user  types  a 
carriage  return.  This  causes  the  screen  to  be  redefined  as  entirely 
workspace  (except  for  the  last  line  which  must  always  be  monitor)  and  the  81 
character  lines  to  be  again  displayed.  As  with  the  monitor  test,  when  the 
visible  portion  of  the  screen  is  full,  the  display  will  begin  scrolling. 
This  will  continue  until  either  a  carriage  return  is  typed  to  terminate  the 
test  (and  restart  the  calculations  with  default  parameter  values)  or  the 
internal  memory  of  the  4024  is  full.  When  the  internal  memory  is  full,  the 
terminal  stops  displaying  characters  and  the  screen  freezes.  When  this  hap¬ 
pens  the  user  should  type  a  carriage  return  to  terminate  the  test  and  res¬ 
tart  the  calculations  using  default  parameter  values  Figure  4.3  shows  a  typ¬ 
ical  view  of  the  terminal  screen  during  either  the  monitor  or  workspace  por¬ 
tions  of  the  terminal/serial  interface  test. 
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3496789:  |<  •  >7*88CDCFSHt7KL9N0PS*STUVUXYZC  k  J 


Figure  *».3 


Typical  view  of  terminal  screen  during  either  monitor  or  work 
space  portions  of  terminal/serial  interface  test. 
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C.  PROMS 


There  are  a  total  of  sixteen  2708  UV  erasable  PROM  chips  that  comprise 
the  8k  words  of  PROM  used  in  the  IR-CCD  Intrusion  Detection  System.  Each 
chip  contains  Ik  bytes  of  memory.  The  MRV11-BA  PROM/RAM  boards  divide  the 
16  bit  PDP  11/03  words  into  high  and  low  order  bytes.  In  other  words,  one 
2708  chip  will  contain  Ik  consecutive  low  order  byes  while  another  2708  will 
contain  the  corresponding  Ik  consecutive  high  order  bytes.  Figure  4.4  shows 
which  PROMs  correspond  to  which  section  of  memory  on  the  two  PROM  boards. 
The  individual  PROMs  are  also  labeled  with  this  information. 

When  it  is  suspected  that  there  may  be  problems  with  the  PROM  section 
of  storage,  it  is  possible  to  compute  checksums  for  each  2708  chip  using  a 
routine  entered  in  RAM.  The  values  returned  from  this  routine  may  then  be 
compared  to  the  original  checksums  to  help  isolate  the  problem  chip(s).  To 
enter  this  routine  in  RAM,  it  is  necessary  to  use  ODT.  The  user  is  referred 
to  C13  for  information  on  how  to  do  this.  Table  4.3  lists  the  code  that 
should  be  entered  starting  at  address  60000  octal.  The  assembly  language 
listing  of  the  routine  is  given  in  Appendix  B. 

Execution  of  this  routine  is  begun  by  typing  the  sequence  "60000G"  when 
in  ODT.  When  completed,  the  number  60064  is  displayed  on  the  screen  and  the 
ODT  prompt  returns.  The  results  of  the  test  are  stored  in  sixteen  consecu¬ 
tive  locations  starting  at  address  65000  octal.  These  results  can  be  exam¬ 
ined  using  ODT.  Table  4.4  tells  which  PROM  corresponds  to  which  checksum 
and  also  what  values  these  checksums  should  be  if  all  is  working  properly. 

If  it  is  determined  that  new  PROMs  need  to  be  burned,  simply  order  the 
new  2708's  from  a  Motorola  distributor  and  supply  them  with  the  appropriate 
paper  tapes.  These  tapes  have  already  been  set  up  in  the  Motorola  "Si"  for¬ 
mat.  They  are  identified  according  to  their  starting  address  and  whether 
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Low  Order 
Byte  Start 
Address  3^*000 


High  Order 
Byte  Start 
Address  3^*000 


MRV1 1 -BA 


Front 
Board  I 
(tower  4k 
words) 


Low  Order 
Byte  Start 
Address  30000 


Low  Order 
Byte  Start 
Address  24000 


Low  Order 
Byte  Start 
Address  20000 


High  Order 
Byte  Start 
Address  30000 


High  Order 
Byte  Start 
Address  24000 


High  Order 
Byte  Start 
Address  20000 


Front 
Board  2 
(upper  4k 
words) 


Low  Order 
Byte  Start 
Address  54000 

Low  Order 
Byte  Start 
Address  50000 

Low  Order 
Byte  Start 
Address  44000 

Low  Order 
Byte  Start 
Address  40000 

High  Order 
Byte  Start 
Address  5^*000 


High  Order 
Byte  Start 
Address  50000 


High  Order 
Byte  Start 
Address  44000 


High  Order 
Byte  Start 
Address  40000 


Address 

Contents 

Address 

Contents 

60000 

012700 

60032 

002000 

60002 

000020 

60034 

111304 

60004 

012701 

60036 

060412 

60006 

06S000 

60040 

005203 

60010 

005021 

60042 

111304 

60012 

077002 

60044 

060462 

60014 

012703 

60046 

000002 

60016 

020000 

60050 

005203 

60020 

012702 

60052 

077010 

60022 

065000 

60054 

062702 

60024 

012701 

60056 

000004 

60026 

000010 

60060 

077115 

60030 

012700 

60062 

000000 

Table  4.3  Machine  language  code  for  performing  checksums  on  individual  PROMs 


Address  where 


Starting  Address  of  High  or  Low  Correct  Value 


Checksum  is  stored 

Corresponding  PROM 

Order  Byte 

of  Checksum 

65000 

20000 

Low 

165502 

65002 

20000 

High 

014634 

65004 

24000 

Low 

004127 

65006 

24000 

High 

165676 

65010 

30000 

Low 

161337 

65012 

30000 

High 

170301 

65014 

..*♦000 

Low 

137434 

65016 

34000 

High 

027706 

65020 

40000 

Low 

000542 

65022 

40000 

High 

045242 

65024 

44000 

Low 

031037 

65026 

44000 

High 

026626 

65030 

50000 

Low 

021106 

25032 

50000 

High 

022066 

65034 

54000 

Low 

003536 

65036 

54000 

High 

004530 

Table  A. 4  Correct  results  for  checksum  test  of  Table  4.3. 
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they  correspond  to  the  high  or  low  order  bytes  of  the  Ik  blocks  of  memory 


for  which  they  contain  information.  There  are  sixteen  of  these  paper  tapes, 
one  for  each  of  the  sixteen  PROMs  on  the  two  DRV11-BA  PROM  boards. 
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Appendix  A. 

The  following  is  a  list  of  part  numbers  with  a  short  word  description, 
manufacturer,  and  vendor. 


Part  # 

Description 

Manufacturer 

Vendor 

BA11-ME 

Card  Cage 

A 

1 

H780/E 

Power  Supply 

A 

1 

7270KD11-HA 

Processor  Board 

A 

1 

DCK11-AC 

Interface  Board 

A 

1 

DRV11-B 

Direct  Memory  Access  (DMA) 

A 

1 

MSV11-DC 

16K  Word  by  16  bit  RAM  Board 

A 

1 

DLV11 

Serial  Line  Unit 

A 

1 

MRV11-BA 

UV  4K  Word  by  16  bit  PROM/RAM  Board 

A 

1 

KEV-11 

EIS/FIS  Extended  Arithmetic  Instruction 

Chip  A 

1 

2708 

Motorola,  Intel  UV  Erasable  PROMS 

- 

- 

Am25S10 

4-bit  shifter  TTL  chips 

C 

3 

SHM60 

high-speed  sample-and-hold 

B 

2 

ADC85C-12 

high-speed  analog-to-digital  converter 

B 

2 

DC/DC  546 

+5v  to  ±15v  DC-to-DC  converter 

B 

2 

Assorted  TTL 

- 

- 

-  A-iii  - 


Manufacturers: 


A  Digital  Equipment  Corporation 

Corporate  Headquarters 
Maynard,  Massachusetts  01754 
(617)  897-5111 

B  Burr-Brown  Research  Corporation  Inc. 

International  Airport  Industrial  Park 
P.  0.  Box  11400 
Tucson,  Arizona  85734 
(602)  746-111 

C  Advanced  Micro  Devices 

901  Thompson  Place 
Sunnyvale,  California  94086 
(408)  732-2400 


-  At 


Vendors: 


1  Hamilton-Avnet 
954  Senate  Road 
Dayton,  Ohio  45459 
(800)  543-4783 

2  Burr-Brown  Research  Corporation  Inc. 

33  North  Addison  Road 

Addison,  Illinois  60101 
(312)  832-6520 

3  C.  S.  Electronics  Sales 
1157  B  South  Jackson  Street 
Frankfort,  Indiana  46041 
(317)  (659)-1874 
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Appendix  B. 

The  software  listings  and  the  symbol  table  are  contained  in  this  appen¬ 
dix  and  are  presented  in  the  following  order: 

(1)  Variable  Definitions 

(2)  "C"  Routines 

(3)  Assembly  Language  Routines 

(4)  PROM  Checksum  Routine 

(5)  Symbol  Table 


/* 


M  l« 

**  DEFINITIONS  -  ill  uninitialized  sl-'bal  variables  and  all  a* 
«  initialled  data  are  declared  in  this  section  of  code  ** 
**  These  variables  are  used  bo  both  C  routines  and  «* 
**  assembly  lansua?e  routines  Also  included  at  the  start  ♦* 
*♦  are  'define'  statements  which  allow  certain  constants  to  ** 
**  be  used  bv  msertms  the  symbolic  name  fr*en  m  the  ** 
**  define  statement  ♦* 
*♦  ♦* 


/♦  DEFINE  statements  *' 


•define 

•define 

•define 

•define 

•define 

•define 

•define 

•define 

•define 

•define 

•define 

•define 

•define 


TTIBUF  0177562  ■*  add re;- 
TTYSTAT  017756"  '♦  ad*  es' 
TFYOSTAT  '* 

TTOBUF  0177566  /♦  addr  es; 
INTVEC  0124  ' a  addr  es? 

WCP  01 7?4 K»  ♦  address 
PAR  0172412  *  addr  er 
C9R  0172414  *  addles: 
STL4K  0?0*>»  '♦  addres: 
ENDtFf  03777*  '♦address 
ENDUF*  057640  '♦  address 
ETRTPAM  0600<X*  '*  address 
ENDRAM  0160776  'a  address 


serial  interface  incut  buffer  *' 
or  serial  inlerta:*  incut  status  word  ♦  ' 
address  of  serial  interface  output  status  word  */ 
of  serial  interface  output  buffer  */ 
of  DMA  interrupt  ■•actor 
of  DMA  word  count  renrter  ♦/ 

:i  DMA  bus  address  register  */ 

DMA  control  status  weed  ♦/ 

:■•  start  of  1  o*er  4f  words  of  PROM  ♦/ 
of  end  nf  •  «  44  words  of  PROM  •/ 
ft  end  cf  upper  4f  word;  of  PROM  *y 
of  start  of  RAH  ♦- 
of  end  of  RAM  •  ■ 


/♦  Uninitialized  data  space  to  be  put  :n  PAM 


char 

•  unHr.1923. 

■a 

buMef  to  hold  line  of  chars  in  Ur  test  *•' 

mt 

bufnum,  '* 

fliJ  to 

indicate  which  input  buffer  */ 

int 

Mas. 

>la?  usi 

>A  in  DMA  test  t*  see  if  interrupt  is  received  *7 

int 

.buf 1(2561 

'a 

mrut  buffef  no  1  ♦' 

tnt 

.buf2(25cl. 

4 

input  buffer  no  2  ♦' 

int 

a.rtr-  '* 

mi  nter 

to  input  buffer  ♦' 

mt 

♦rtr  '♦ 

pointer 

to  past  -lata  "ector  *' 

int 

(KW»1 

*  4 

Part  data  vector  */ 

mt 

ml  1024} 

'4 

rum  of  ra  t  terms  bksrnd  time  av*  thresholds  */ 

int 

at  2561  '* 

hist* . 

of  threshold  "lolations  ♦/ 

int 

hUbU'.*241, 

■4 

table  t '  hold  taroet  thresholds  *f 

int 

♦mptr,  ■* 

pointer 

to  m  "e-tcr  *f 

ml 

♦aptr*  >* 

pn  inter 

to  a  ve'tor  */ 

mt 

♦bstr 

pointer 

In  btab  a  > 

mt 

p«*nt,  1* 

ertr  t  > 

indicate  which  fth  of  calcs  to  be  done  *•' 

mt 

ntbf  fa" 

4 

number  terms  in  background  spatial  avs  ♦/ 

mt 

tb?d.  ♦ 

two  ijmer  D  +‘ 

mt 

dshft.  '* 

n>''  of  1 

Mt:  to  shift  to  divide  bv  D  ♦' 

mt 

f -tat.  ■'* 

-tat us  . 

of  pr-"mus  pa-  ket  stare  time  chansins  t/ 

mt 

(-‘1(41.  '* 

ar^a  m 

f  scaled  *11  values  *• 

mt 

cc2f4J-  '♦ 

arM  m  ''a led  '".2  values  ♦' 

mt 

np.  /a 

P'  od'j  t 

of  N  and  P  ♦/ 

mt 

aldisah 

♦ 

number  ■•  packet?  alarm  should  be  disabled  ♦/ 

B 1 


nt  mtfli  *  tia*  ’  *  tell  it  caUs  should  be  stirred  •' 

nl  tret  '♦  -U;  •>  lime  f  or  ■  urr  enl  racket  ♦' 

nl  lr*t*l  *  r  Ur  -  Uie  one  ticket  ml*  u  L  4 

nt  rtl'Hr*f.  *  stare  liae  tv  two  m  =><*!..•  into  Past  •/ 

nt  wrap.  '*  address  to  wat  around  'ircula*  vieu«  in  x  *i 

nt  incr.  .'*  count**  used  t>*  point.  t,n  location  in  current  mrul  vector  #/ 

nt  mask.  4  swill  to  1>>oi  -it  fail  n  .  most  t  ec-.nl  If*  eshold  vi>lalioft  bits  *' 

nt  pnor*  '*  number  of  ceil  the  ur  »  nj  r»;?e;  ♦ 

nt  tpnorm  f*  tv<>  l:*e>  ft*  a  a  V 

nt  rl-  *  nuabe*  :♦  Fa  **■  «.  oar  uta  Uon.  on  d  jrnd  t lie  av?  are  performed  */ 

nt  rdtrsh  4  "alue  used  for  mMin4  "ft  after  dvide  *) 

nt  plast.  •'*  r'  -  o*  ‘'ell-;  or  dated  the  nl  pais  *' 

nt  lari.  '♦  *\a''v  *  *»•  ter.f*>r*r  il ,  storm?  register  “alue  */ 

nt  tap  2.  '♦  rla1  e  t*'»*  te«ro*anlv  :l"rm»  •'e.uster  value  */ 

nl  tap'*.,  '*  r l -i'' v»  t.<yfie<n ,ir\l ,  :l»':  in1  register  value  */ 

nt  :tn»  4  rival  r.--  ;<rt"N*l 1 'N;  4 

nt  drMcsr  '*  ‘red  t"  store  [efA  i'SR  "alues  4 

bar  *:tmrtat  4  pointer'  to  serial  interface  input  status  resisler  #/ 

ha*  4Uostal>  4  Pointer  to  serial  interface  output  status  re9isler  */ 

bar  UibufUOl.  '*  input  cnar  buffer  ♦/ 

har  atUftnb-  4  romler  to  input  char  buffer  tor  Piacin*  chars  in  but  */ 

bar  ♦ttirtrob.  4  Pointer  to  input  char  buffer  tor  reaovini  chars  froa  buf  t/ 

nt  Uicnt  ♦  r-'Uiiter  ot  number  of  chars  in  input  buffer  */ 

nt  outslHtdll.  ■*  output  iueue  for  info  ‘roa  projraa  control  ♦' 

nt  0‘ftstV2l41]  ♦  vulrut  iueue  f"r  mm  »roa  interrupt  '.onlrol  */ 

har  4J»bfFtil-  4  p"inte*  to  element*  pointed  to  b.  eleaents  of  outsUl  •/ 

har  44MpIi j.  4  pointer  V  elements  pointed  to  br  eleaents  ct  outslk2  */ 

har  Mbfpt."t!  4  Poirier  t"  Fointer  f.*  reiwin?  eleaents  troa  output  iueue  1  */ 

har  aebfPtoU.  *  pointer  to  pointer  t.v  reaovins  eleaents  froa  output  ^ueue  2  */ 

nl  btcntl  '*  -  alue  indicates  which  b.te  of  sir  in?  pointed  to  bi  eleaents  of  outsUl  */ 

nt  HcnC  *♦  Mal'i*  indicate:  which  bvte  ot  :tf'ins>  pointed  to  br  eleaents  of  outstk2  */ 

nt  jaUre-*-  •*  tearorarr  location  tor  :t.='."in9  new  parameter  -values  */ 

nt  conaand-  *♦  holds  n  jinher  cor»  esrundinj  to  current  coaaand  */ 

nt  oldcoand.  4  hold-  n'jmber  representing  previous  coaaand  entry  */ 

iM.  audalrm,  ?*  fla?  lndicatifi?  whether  or  not  audable  alara  is  enabled  #/ 

♦  location?  for  storms  raraaeter  "alue:  ♦' 

ml  bifd  bi  rn- bi  .»»•  ad-  sar.  '*t-  cl.  c2.  sal 

-haf  dal?tr*'?UOj.  4  teaporar.-  butter  to  hold  ascii  representation  of  new  paraae ter  value  */ 

nt  holdcnt  '♦  counter  in  char  buffer  *■' 

4  Locations  »•*  torin?  asm  r ^presentations  of  parameter  "alues 

'har  hudstr[4] 

'har  h! inftr[4] 

har  M«Pftr[4) 

■har  jadstrC’?}- 

:har  ;«t<tr[4J 

:har  :mnstr[4J. 

:har  .:;str[*il. 

'har  rlstrfSl. 

^har  atdoftt’l.  '*  butter  »or  h«ldm?  a:*n  repre -entail on  ot  octal  nuaber  */ 

char  atdbinCl?]  4  butter  *or  holding  a  -u  representation  ot  binary  nuaber  ♦/ 

char  flinesttl.  '♦  hut**-"  for  sto^mo  asm  representation  ot  function  lines  */ 

ml  atodttt.  4  locati  n  » o»  storm?  word  troa  A  to  D  converter  */ 

ml  chhsal.  •'#  r heel  Tij»  tor  l^er  4f  ot  PROf!  4' 

ml  chfsa?.  "»  c h*» «*l  T*rn  tor  upter  4K  ot  PRTtfa  */ 


char  cMC  ).  ♦  butter  for  ;t«rm«  ascii  rer»e'enWlmn  of  chk$«l  ♦/ 

char  c>217]  '«  butte*  for  «l«in*  a.'Mi  refreenlation  of  chks»2  ♦  ' 

char  ecMlrl.  *  buffer  for  :t-:t  in-*  i.ru  ref  of  enfecled  checks*  1  ** 

char  *  ck2f7l.  *  buffer  tor  sl*rm?  a:cu  rer  of  expccltd  checks*  2  *' 

rhar  errleKM.  *  buffer  ter  storm?  ascii  rep  ot  RAN  error  location  *i 

char  errentt?).  '♦  butter  tor  storm?  ascii  rep  ot  RAH  error  count  */ 

ini  oldalf?.  *  fla?  f*  storms  current  status  of  alar*  status  box  «/ 

int  alnfls.  /•  Ha?  indicating  new  alar*  status  *' 

mt  tar.  '*  Mi.i  :et  in  ■-alcuUtioh;  1*  tarset  detected  */ 

/•  Error  flass  for  OHA  test  ♦/ 

I  at  erWCP,  erPAR.  erltf*-.  erR5?.  erFCT,  erlHT.  erTRN. 

mt  e>fe*'  /*  tenp*rari  location  for  use  m  OHA  test  * 

char  holdcharUl.  *♦  temp  buffer  tor  echoinj  characters  back  to  terminal  */ 

char  bufUOJ.  ♦  cwwird  storase  butter  * 


*  Initialised  data  to  be  put  u  r*OH  ♦. 

char  •clrmiLll  tut-  /♦  initial: re  Fern  ter  to  but  #/ 

.»*  riF|  is  a  table  tor  'ehmh  the  entries  are  siven  b>- 

hrllil'-ert11  with  10  bmar  place  accurac.  *■ 

mt  nrlH  -*552^2  U4714?.  044747, 043616. 043034. 

04244! .  04215?-  041 742. 04156b.  04144". 

(,4!  m  M41235. 041152. 0410?7. 041031. 

040770  040733. 040701  040652. 040625. 

040602. 040560. 040540. 040522. 040504. 

•>40470. 040*55. 040442. 040430. 040417. 

040406. 040376. 040366. 040357. 040350* 

040342. 040334. 040326. 040321. 040314), 

tab  is  a  table  whose  entne*  are  equal  to  the  nijmber  ot  ones 
m  the  binary  representation  ct  the  mdev  tor  that  entry  *' 

mt  tab!)  '0,1.1. 2.1  2. 2.  3. 1.2, 2, 3, 2. 3. 3. 4. 

1. 2-  2.  3. 2  3.  3. 4. 2.  3. 3- 4.  3, 4. 4. 5). 

*  curia.*  contain:  a  » i - 1  *>f  niters  corresponding  tc  the 
"ar  io*is  cownand  flneeonp's  *' 

mt  ^dr.  {1  .1,2.  j.4  ■  6.7.8.*.  t>,  7.  •»,  0), 

t  mds  is  an  vr*  that  i*  initialized  r-  that  each  row  contains 
an*  of  the  Parameter  ibneimni':  ♦' 

mat  *  md'r  •  "D“  "H".  "R".  "d".  \n"»  T  ''C2**.  "Cl".  “L".  "r".  "T",  "c".  “1".0> 

The  r ewiinin *  1*»t in: tmns  -t  :njtialired  data  ate  f*r  seltm? 
up  the  "armus  ascii  t>  m?'  that  a»*e  used  U  con:tru*  t  the 
different  disMa*.  frames  M  tKe  IRltD  intrusion  Detection 
v.  stem  Thcs*  will  not  b*  muaenled  mono  dual  i-. 
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:Htl! 

!  infUl  1 
Itnolbl  1 
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1 1 no41  J 
!  t  n*M ) 

1 1  ri  (1 1 ! 

1 1 '.»’[! 

1 : nrS 1 J 
] 
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■•!«  t° 

'"I«a  fin  '*/  ■>. 
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"lw  24  •*• 

1 07. 0.i 
"15- 'll.'." 

•41  JO.  v4"  OjO,  1*4  * 

"'•or  h  "014  16 
:M,MOr  ti.  "0J6  16, 

"'•or  h.  •''019  16. 
’■’'•nor  h.  *90110  15 
"'•or  6- '00112  16 
•■■-'•or  h. '  >0114  \t 
'"'•cr  t.  “.'‘>116  1*> 
"'•nr  6  ;'«UI9  It 


"'•or  h  "014  16  * >  1 . •  •  •>  1* •  * vIO' 0I*>"> - 

"'•or  h.  "016  16.  •.  1  V  "|"H4l0H'10“>, 

"'•or  h.  •'■'019  16.  >mjo\010'M1MV010->. 

‘"•nr  h.  *9011015  "10 - u l*.1  \010\010" > • 

-'•or  h  '90112  16  “'lO'MlO'OlO-). 

-'•or  h.  '•>0114  It  \i»l'»  ulOAHU“>, 

-'•or  t  “"HU  It.  'A-'-Oi'’  - 

"'•nr  6.  "119  It  •  »1  v •A  '"), 
"Vu  1?  ^OS.'lM*  0  41*  16.32  2 

- 4 r » ■»  I  -  mt.iMj  -ai*;*  *  >r  N  are  2\=N.=4* 

■  * r  i »  j  7  *•>;  :Me  •  *4 1  *  *'  «re  10.2PC=2 


1?  *os;iM*  t  *r  0  d  e  16.32  I*-  w4“  • 

-4r»»  I'  h;.iMt  'ai‘J*  ♦  <r  Nare2\5N.=4"  N= '  vC*04  **  >  4 

"M  l  [1  1  ■> ■  •  •  M *  ■  •<  1  u**  ♦*-  *  «re  10-.=P‘>256  P^iiX*-). 

-'m*  "-il 'j»-  »  »  j  if;  n  on.  O.tf-.IO  4=^004“). 

-•ri  i  1"  :**s*iMe  al :)•*  •  f  t.  ar e  6. 12. 15*  iC*t  ns^\0C4"/. 

*ri»  l7  PofrtM-  “4l<i*  »>if  t  are  3-l5.  t -  ri  ts','004">. 

!  ’  ^mMe  “al  y«*  tor  '.2  are  512X2.  2*'!1  C2=1'004"). 

“'rn  I*  Po*-  ibl e  “alu*  Vi  v  *  \.  1*.  5*‘  »  ».12  "'004*.). 

-‘•or  6.  ‘era  a.  'tr4  •.  •"‘•11  26.  fPf.CD  INTRUSION  DETECTOR  ALARM"). 

,M'012  •»»!*-»  ll’*>. 

'-'012“*‘l5'  SvHfcQL  !  ‘/AU.C  i  MEANING '"01;  ?*.  '  \Ol2\*.U5“>. 

“I  «j  i  ■'.1)14  2*j.i  Njirbr  v*  '■«1Ij  aonitored  tor  stare  tue  urdate  \0014  79i  l\012\015“>i 
“I  t  I  n.i  57. 1  012HU5"). 

V*l  n  *1  i  N’jatrr  >t  54»r]«j  »i.*d  10  b^cR  jroufid  Line  4v«r*j«  >0016  79;  l\012\015")i 

.-j  p  i-'»|§  21.  t  of  >4»rl<!  ustd  m  bitkdround  Um  ivtrisi  IX012V015"); 

"I  .j  l  ("Ml"  21- 1  O^trUon  threshold  scile  Uttor  \00110  79,  l\012\015">; 

.“1  r  i  il.l  ■■  ♦  «'*tior  .  itittrvil  Undth  used  in  dtcision  \00H2  79;  1\012\015*) 

•  i  ».  '  -."Ml 4  21.1  N«jn»b*n'  of  suce-tii*  threshold  vioUtions  to  couse  *l*nil\012\015"); 

;■  i  ) '*>m it  21.  >  Merer'  Ureshold  used  to  mitule  store  tiae  decrease  l\012\015*># 

"l  (i  I'MMI?  21.!  Lower  threshold  used  to  irulute  sUre  tue  lftcreose  l\012\015">; 

;- 1 •■'01 !  i  *■'•>!  1 1*'*.'-*!  1"). 

.“‘t :?  I7  To  si  fsirimeter  tv»e  snfcol  shown  4bove  \004"). 

"'fii  \ t.>  -rpp  ,,  jjv-i,  other  features,  tv  re  L  M). 

'  ■"(non  h.  '  •‘M  !ft. 44 ; 

C'ris  17.  Iwalid  inrut  c^Mond.  r4r*»eter.  or  seeuence  ">» 

Cris  l7.  Iw-ihd  teetu  e  selectioh 
("1 2. 015.  "12  "15, 

.."‘•or  h- -era  ••  '"»11  2fc,  lRtiD  INTRUSION  DETECTOR  ALARM"). 

-'*»H  < l  Additional  Fe^t'res  "/■ 

■"•■.r  2S. 

”'lea  rt  t &***$•. 

■■’"n?  1?. Please  tvre  n»jebet'  ot  desired  feature  \004">. 

“'OL  OlfTi?  17. 

"1 1  Diratie  audible  alara 
1‘  Enable  audible  alarti  *>. 

’•}  Dirrla.  outrut  of  interlace  A/0  convet'ter  H). 

/"V»  Fv >i9**ftable  distal  shut  circuitry  test  ">; 

‘  4 ;  0M»»  t'hannel  test  ’• 

RAM  i nleri tr  test 
"6f  PROM  •' heel  sun  test  ">. 

*7‘  Venal  interface/ tertinal  test  *>. 

■ft)  O'  v’.him  -  return  to  raraaeter  disria->  ”}< 

'"aon  h  ‘*i»  l"  \«.»l5‘di><»  4,  ‘rl«  3S.  ">• 

•  "'•or  h  Ntj®  2P  l^.NOTL  Calculations  are  tallin3  behind  "). 

"'mot  f.  "."Ml" 


'  har 

•'bar 
Cha  r 
Char 
char 
char 
char 
char 
char 
■'Kir 
har 
char 
char 
•*har 
.•  h  ,r 
•  har 
'har 
char 
char 
char 
char 
char 
«'har 
char 
char 
cha» 
'har 
'ha*- 
char 
.  har 
char 
■har 
'har 
•'har 
char 
char 
char 
char 
char 
char 
char 
char 
char 
char 
char 
•'har 
■  har 
•'har 
'har 
char 
'har 
'har 
'har 
'ha* 
char 
'har 
char 
char 
'har 

'har 


oclpcll  *  *00110 

ad  PUT  -mi's  28- Output  of  ft't  converter  \G018  6.Bih*rt\0018  67.  Decimal"). 

•lnlrc!)  ."'OOP'/  &.*  . 

r*J.-4is It  1  to. Output  «.<♦  ProsraiakitU  Digital  ahifl  circuits  "). 

ed5di-.il »  b.  Dinar  ;\wl4  M. FI  F2'V016  67.  Decimal"), 

test!)  ’-‘Uit.  5“-. 

•NorC)  " 1  era  ft,  'era  w.  'wor  $  <  h.  “>. 

ihV*oT:U  "’era  m.  ’era  *»on  3*1  h  k.  “>« 

ermdisl!  1  .“h*>15  22  PROM  Checksum-:  ">. 

rr*4i:2fJ  "VX»i?  Leaner  4k  0018  t-2,  Upper  4K "> . 

*■? ».ju>I]  4  Actual  I  E*.p*cU4\(fOUO  57, Actual  I  ExfectedXOOU  1  13, 1X00111  66, 1"), 

c»l»«?cCl  .“*-00111  4. 

"mn  5v\. 

»  licet  1  -MXnil 

.'*’‘>>111  71.  H>, 

rrcmoKl  00 l 20  2**  No  checksum  errors  detected  in  PROM  “>, 

cterifttCJ  /"\00120  i£.C hack  sum  error  detected  in  lower  4k  ot  PROM  "). 

c»erin2(]  “V00122  18, Checksum  error  detected  in  upper  4k,  of  PROM.  "}, 

ramerl }  "\00U»>  20. Error  detected  m  RAM  at  location  ■*>; 

rlcehU  “\OOU2  6  \005proceed  with  test,  anrlhinj  else  to  terminate  test 

ramcnUJ  ."'00120  i*.  Total  number  of  errors  detected  in  RAM  was  "), 

raalM  "*0015  31. PAM  Inteiritv  rest"}, 

n^ram! )  "”wlA'  18.  Mo  errors  detected  duriru  RAM  mlesrilv  test  ">» 

hit»<t[J  **'>fl24  2C-  ‘005ler»:nate  test 

hilr’2(]  "‘dot,*  1  r  i  j  23,  'W5eroceed  with  test  \>. 

f  li-crnU  "'vor  h,  *00122  1.*). 

b?viu  •  M,«or  ft,  *00122  30.  ">, 

bo '211  “'001:3  3-. 

bo>:n  ."'00124  30.*}, 

bovdll  "\00125  30, "). 

bo^lJ  .."'.00126  30.*}. 

Star2  HJ  '.'***♦♦**«♦*♦*##♦*#♦#*# " : . 

'farm  "*  *"). 

tarsi! J  ‘."‘wor  h.  ’  mm  24  32.  TARGET  DETECTED  'ton  h, "). 

no  Ur  1  [  J  " '  wor  h, 1  Him  24  32,  NO  TARGET  BETECTED'mon  h»")» 

aldslH  "‘wor  h,  1  >um  24  32-  ALARM  DISABLED  'mon  h. "), 

DMAllU  “\<>M5  36  DMA  Test"). 

HCPerC)  '“‘0018  1*  a>'003R/W  of  WCR. 

nnWCRt  ]  ‘.“\00I8  19,*>*002R'W  of  WCR  ">, 

BARerH  (“XOOP  P.  b?\003R/H  of  BAR  ">, 

n*m u  <m°  t« .  b » voo2P  •  w  «».  m  *) , 

DPRerC)  “'•'•0110  1°.  c MU03R/M  ot  DBR.  "), 

n^DBRC  1  "'00110  P,  f)V002R'W  of  DBR  ">, 

RSTertl  "'Mill  P  d*  Jmrr oeer  reseonse  to  1NIT  sisnal  detected 

nrtRSTU  *'».**>!  1 1  1-.  di  Prorer  response  received  fro*  IN1T  sunal 

PCTerTJ  ,,0»>112  lv  •?uo)3furKti«*n-sUtus  lines  "), 

noFOn  '“*00112  1°.  e»''3u2»'jrieti  ■‘H-status  line; 

INTerCl  ,H'0<»HV  1°.  f*  End  of  transfer  interrupt  not  detected . ")» 

r-rtlNT C 1  "’'(h»1P  1°.  ♦'  End  o«  transfer  interrupt  detected  "). 

TRfler  T 1  " ' 1 1 1 4  1-  j>.‘'0v3daU  transfer  lest 

n^TFliU  ''/*U4  V-*.  ■»'\0,’*2daU  transfer  lest  *>i 

at ■•dlf  1  "“h)15  2/  A'P  Con"erter  Test  Description 

at-vJ2Il  "'*>'*! 7  1"  P  Twel”e  bit  A^D  converter  output  will  he  displaved  on"). 

at'd^f)  "'WP-  I  .'screen  in  both  Mnar-r  and  decinal  “). 

plrin  "’0<>14  l?  cro3rae«nable  Digital  Shift  Circuitr-i  Test  Description."), 

p4?2U  "HHiJt  ii>  p  Output  of  ^ro«ra»ftable  disital  shift  ctreuilrv  will  be  displaced"), 

p4s3{)  "'(4I1. 7  li  '.n  screen  tn  both  bnar  and  decimal  ")- 

pd^dU  ' "HV'P'  1'-  ;>  Function  1  and  2  lines  will  ster  throuih  all  possible"). 

» 1:5!  1  ” **.•'>! !"  !  •. '.o»m nations 

pd'*!l  (*.' ! i .  !”  )  Number  ot  bits  dispUred  are  related  as  follows  "), 

-  B5  - 


Cr- 


char 

p j:7I  3 

"m«i! \A  ,ll  f:  1  No  ot  Mis"). 

char 

»4<«n 

;.4, 1  J1  V"  :, 

>'har 

t  a  ->r  | 

'""Ik  J  1  1"">. 

Cha*' 

p-M,-f  ! 

■''.-.'ll7  ;•*,  1  ■_•  1  li  ;, 

char 

*4;llf  ? 

•  '>;•  1 1  -4."  »•  i  t2’>. 

•*har 

4m  1  ( ! 

■  ■‘-•r  .:t-  PHA  '.hanne!  fc  t  De.crirlion  *>. 

'ha* 

«tea.>(  1 

“■-t  i-  ii  note  •  m  maintenance  cable  n& t  be  in  place  before*), 

-ilTH  •»  ! 

-  *  •*  *  t  *  l  rFPTrONirit,  !Hf  .  IE\I 

■" 

•  t*4l 

dm*  41  j 

“  •*;»•■  ]•),:<  Vau  »i.  *  M-^t  l«HA  yperati'.n  are  te;l*4  and  results";. 

char 

) 

1 '0"1 1 1  1;:.  displayed  »'i  each  seperate  test 

char 

dm*6(  1 

•.“'00114  14, After  halting  a;  Power  down 

char 

d»a’n 

'*  «» 1 ! ^  b?  Connect  DMA  maintenance  cable  ">. 

char 

dfcaSU 

"‘•"ltt-  ?'•.<»  Restart  iresrai  at  beiinninj 

char 

ramioiC! 

"'0015  25  PAR  Inlet'll.  Test  Description 

** 

char 

ramtn2f ) 

•  •***»! »  ji*  p  R/w  function  ot  each  word  ot  RAH  is  tested.  ">, 

char 

rawin'!  1 

*'"0i*  lo  Routine  halls  when  error  is  detected  and  displays  location 

•'har 

rami n4f ) 

"••••«Mrt  1  sn  octal!  where  error  occured  ">, 

”” 

char 

riMfftCI 

"“v,l!2  !'•.:•?  The  accumulated  error  count  is  displayed  in  deciMl  when* 

char 

ramir/ f  J 

-M/ilP  j-  the  test  t  terminated  ■'). 

rhar 

prom  If  1 

f"'*X'!5  jX-^RON  Checksum  Test  Description 

— 

char 

pr«va»2t  ’ 

‘X‘.x*l7  1".  P  PROM  checVsums  are  computed  and  displayed  tor  both*). 

char 

p»  omM  1 

M,0"l?  13. the  lower  and  upper  4K  words  of  PROH  "). 

char 

Prom4l  ] 

."''X'll"  !•». 2>  Comparison  is  then  tade  with  expected  checksums  "). 

char 

serif} 

-'0014  lg. Serial  Interfact/Terminal  Test  Description  "). 

char 

?#r2f } 

"•Ch»!a  1‘.i  1*  Standard  4024  terminal  test  is  executed  Routine  waits"). 

char 

:er3fJ 

l;  ter  RETijRN  betore  proceeding  “ ? , 

char 

ser4f : 

"“X'l-  1"  2*  Monitor  and  serial  interface  are  tested  b*  disPlaunj*}, 

char 

1 

r  continuous!'  chanjjns  pattern  ot  ascu  characters  "). 

rhar 

>>r*  l } 

""••Ilj  l'.N'iTE  -  '''•exterminate  this  sejme^l  of  test 

•* 

char 

er?U 

-»'V*1!4  1".  Wof'i-space  and  serial  interface  are  tested  br  displavine") 

char 

'Pf9[i 

"  'X'llS  1  j.  continuously  chansins  pattern  ot  ascu  characters  Disrlar*) 

char 

:er<vf } 

"'Wilt*  1  c;. will  stop  scrolling  when  internal  memory  of  4024  is  full.  *>. 

char 

serlvt 3 

1 5.  NOTE  -  >'X)Xter»iMte  test  ">, 

char 

hiU;f.[  J 

"'m-.rr.  h,  'r i s  13.  >005proceed  or  any  other  kev  to  skip  test  \004*)r 

char 

".•ft!  3 

”l  "jih  *>, 

char 

N-vrt 

'■  No  error  detected  in  *'). 

char 

E»r[J 

Error  detected  in 

char 

hithIU} 

** 'ihori  h,  'ne  13.  \005halt  or  anr  other  key  to  skip  test  \004")i 

• 

char 

hi treet J 

"'"0124  25,  'O05repeat  test  ">. 

char 

hitstrt! 

."v(p)124  22  ‘OOXrestart  computations  "). 

_ 

char 

hitrtt! 

"Hit  RETURN-  to  ") . 

♦  ■pee*-  i 

-*  a  dummy  area-  y 

ed  U  ensijre  F’RQN  checksums  are  stored  in 

th#  rnftct  location?  a* 

int 

■peerf : 

;>).  0. 0, 0. 0. 0. 0. 0. 0. 0. 0, 0, 0. 0, 0. 0- 

'•  (rsm  and  rrsw?  ^nUi#  th« 
and  y peer  4k  word:  -.f  PP'tl  i 


0. 0. 0. 0-  0. 0. 0. 0.  *)•  0. 0. 0-  0. 0*  V.  0/ 

0, 0. 0.  «■'.  0  i>,  0. 0. 0-  0. 0. 0. 0. 0. 0. 0. 

0.  o.  0. 0. 0  0.  o.  o.  o,  0. 0.  o.  0. 0. 0. 0. 

o,  n.  0.  <\  (<  o,  0. 0.  Or  0. 0. 0. 0-  Or  0, 0# 
0.  Or  <>.  o.  ",  0.  0  0.  0,  0.  •)»  Or  0,  0. 
0.  'i  o,  •*  0. 0. 0. 0. 0, 0, 0<  0. 0. 

o.  o,  o,  u.  o  o.  v,  Or  0. 0. 0. 0. 0, 0. 0.  Or 
<>.0,0  U.O  0.0.0.  Or  0.0.  0,0,  Or  Or  Or 
0  0  0.  Or  0  Or  0»  Or  0.  <>}  • 

lrrfr't  che  kfUBS  for  the  lower 
-pectr-*!'.  •' 


ml 


0:91! 


•“HI  2^4. 
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4«44*4*44*4*««**f444*tt4444t44*«44#4*4**ftft4 

4* 


M 


♦*  IRDCD  INTRUSION  DETECTOR  AtAfift  -  ** 

♦*  This  if  the  lertintl  h*ndWns  routine  for  the  IRCCO  intrusion** 
**  detector  ilin  The  bin'  philosophy  for  I/O  in  this  proiri#  ** 
*♦  is  th*t  diU  to  ihd  fro#  the  temml  will  be  sent  under  ** 
44  erosret  control  versus  b«:ns  interrupt  driven  This  allows  tt 
44  the  coneuUUoral  routine  to  hive  complete  control  of  the  to 
44  Processor  .-hene^'er  it  needs  it,  thus  forcins  temmel  hifidliftf** 
♦*  function?  to  be  performed  only  when  nothin*  is  bein$  done.  ** 
44  Also  contimed  in  this  section  of  code  4re  self-dutnostic  tt 
*4  routines  to  iid  in  trouble~shoolift?  the  detector  should  the  ** 


*4  need  ever  irise  *♦ 

44  4ft 

4/ 


'4  include  veruble  definition;  file  for  use  in  conniinj  ♦/ 
•include  "  deforced  h“ 


*  WAIN  -  routine  to  control  msk  rrojr*#  How 

This  is  the  section  of  code  that  controls  *11  terminal  hendlin* 
functions  C hirer  ter  diU  i-  ^eed  fro#  or  written  to  the 
Tektronix?  *024  termini!  under  control  ot  this  routine 

4' 

*  jo  imltili:ition  routi'e 
lMtul*  ’ 

•Urt 

*  test  f«r  incline  hire  te*  U  senil  interface  ♦' 
ir*5tinsUt‘‘*0»  join  trite 

*  »et  halter  fr«'t>  Cut4  if«j  take  t»ftro*rule  action  */ 

tt  i*>( » 
vt  >Ur  t 
>»  if* 

»  fe  f  i'  there  i'  in  thr  ?  Vs  write  Out  to  the  tt<  *' 
f:  tjfrtotl  bfM.il  ==  t*etot2)  soto  st#rt. 

*  »’>■*  haract °rs  to  tt«  4 
•and* • 


♦  T^vt'i  -  ;*)r  <n;n«  .'here: ter  handlm*  routine 
Th:  •’••'tin  »**'•:  data  that  U?  teer  reed  fro#  tne 
lam: 0*1  aM  : # I ! 5  rjyt.v.*-  whrh  m  turn  decode  this 
UU  iMn  <- Amends  or  Pi’-imele'-  "alues  «s  neccessirt 
Additional  routine:  ire  then  celled  which  take  the 
iftffnrrute  action  to  settee  these  'omards 

i 


chir  c.4d. 
int  i 


•r-TrI»*  set  pointer  t*  seriat  interface  input  buffer  */ 

e=  *d  !  '*1 77-  '♦  remove  an\  parity  bit?  from  incoming  character  ♦/ 
lf'c  —  OlOOi  **  delete  line  '.£•  ctn-\.  or  del  Une  Vevs)  */ 

FutUdlhom*'.  '*  position  cur: or  *• 

PtiUlrlf  blank).  /*  dear  line  on  screen  */ 

Uicnl=0,  /♦  reset  buffer  c'unt  to  * / 

tUrtrib=ttib'if»  '*  reset  *ointe»  to  besinnin?  of  input  buffer  */ 
retijrn, 

if‘v  :I  *>43)  '  >*  delete  haracter  li .  ctrl-hi  or  del  char  keys)  #/ 
iflUicnt'  f'  '♦  tire  sure  riot  it  stirt  of  line  */ 

ttjrnt— - •  /*  decrement  input  buffer  counter  */ 

puUtvlfbkSp)  /*  put  backspace  on  output  stack  */ 

— Uiptrib.  *•  e:-'p  pointer  to  input  buffer  back  one  Cher  #/ 

> 

return. 

if:  ■  '=  015*  /•  'heck  it  char  is  not  CR  (eol)  *' 

ifiUient. return,  '*  choc*  \*  input  buffer  is  lull  *> 

♦Uirtrib**='  /♦  rut  -ihar  in  buffer  and  increment  pointer  */ 

Uimt**.  /*  increment  input  buffer  counter  */ 

hoi  dr  hart  <*}=■••  /*  put  char  in  Imp  location  to  alio*  placement  on  stack  */ 

holdcharCU-O.  /*  add  on  eol  char  v 

PutttvH  hoi  debar 1  '«  rut  char  on  output  stack  ♦/ 

return. 

♦» ttiffr ib**'-c.  '*  put  last  char  of  line  in  input  buffer  */ 

Uuntsf*.  f*  set  input  buffer  count  back  to  2ero  */ 

puttUlicrlf).  /*  rut  CR  nn  output  stack  *< 

:?nd<'.  '*  e*Ptv  output  buffers  before  executing  command  */ 

'♦  parse  and  decode  command  line  */ 
parse'  )• 

>  omwandsdecode' )«  '*  •'■xwiand  contains  decoded  command  number  */ 

iffcommand-M?-  o.dcomnd'=*’  <.  '♦  if*"alid  command, eeraneter.  or  combination*/ 
bdsO.  /•  put  error  nessase  on  output  stack  */ 

Putttvl«di<Pl>  '*  rut  ^rash  messase  on  screen  *■' 

Pultt.1-' borne*  /*  reflation  cursor  *> 

if(comman4«0  V.  o  dcopnd-^ 1  1  '*  -'heck  for  invalid  feature  selection  *; 
pijUItJ (blnk).  *♦  dear  bottom  of  screen  *' 

•utttrl  f  da  ter  2'  '♦  put  up  error  messa  »<?  «■ 

uHllrlist 21*.  '♦  ;  :f  2  line?  * 

MiUM'ltffV  /♦'•eve :b  uhich  feature  line*/ 

4  n i>m  b**jr.b  to  r  'f*r  •: *nw«ia •  i  e  ecution  routine  * ' 

:>»ifch‘ -  ■•’Miand'  ■' 

*:?  I  *di  i .  t'  ■ 

r>r*af. 

•a*-*  .■  enlist' ‘ 
break. 

case  3  pplist'  * 
break 

case  4  dlistff 

break- 

case  ?  niistf*. 

break 

case  />  tlistf ‘ 

break. 

case  7  c2 1 1  :V  v 

-  89  - 


'♦  li  t  possible  value;  of  D  parameter  */ 

/♦  list  possible  values  o*  N  parameter  */ 

'♦  li  :t  possible  '.•alue?  ot  P  parameter  */ 

'*  li:*  possible  values  of  d  parameter  ♦/ 

/♦  I  * -t  possible  values  of  n  parameter  */ 

'*  h?f  Possible  "alue?  it  t  parameter  */ 

;*  li  t  possible  "alue.  *12  Parameter  */ 


/♦  lift  possible  veWo-;  ot  Cl  Piri*«t«r  */ 


brook. 

cos*  8  elhsto. 

brail. 

co'«  9  iddfoitO.  /*  put  up  list  of  additional  features  *' 
break 

'*  If  *nh4  cowhand  before  jo  to  routine  which  services  that  coaaihd  */ 

■^ase  10  switch! oldconnd)  '! 

ms*  1  /«  so  to  chanje  D  raraiieter  */ 

break. 

cast  2  ••. 1  /♦  »•*  to  chanse  N  paraneler  ♦/ 

break. 

•are  3  p^sr**1 4  '«  3*>  to  chanje  P  parameter  ♦/ 

break. 

•:*;•»  4  4i*r**»  •  '#  jo  to  i  fiir  i-  •}  Parameter  *• 

Of'  Oik 

*•*>*  S  fi£r»»*  •*  jv  to  •.'■!»  j*  r-  parameter  t 

**\  - 

•;*?*  A  ».;■■•»  *  i  t.:  -  hi-  »-  1  *aramelef'  * 

Kf 

i  *  ’  ••■  *r'-  1  «  ?  »  •:  chanse  C2  parameter  ♦' 

b^eak 

■ho  ?  rl?r**<*  '*  J-  to  chanje  Cl  parameter  ♦  / 

Or  oik 

•i;*»  c  lsr"0  '♦  jo  to  routine  wruch  ser«ices  additional  features  list  */ 
break, 

case  10  bds'K  put  up  error  messase  */ 
rultlrlldi  sr2>» 

PutUiHh«i*> 

break, 

break; 

case  11  lf'oldcoa  4==10)  {  >*  chock  if  lino  onl»  consisted  of  CR  */ 

'*  pyt  up  addition-*!  tea  liras  list  v 
idd«oi:n 

ol:o  i 

if  oldco«rid==i t  {  /♦  eut  up  initial  Parameter  dlSPlir  */ 

putdspl  • 

\ 

OlSO  { 

bs;  i.  /♦  Put  up  error  messaje 
put  tvl<d!«p2' 
put  tit  hone1 
■>ldco*nd=i 


break  • 

i 

*  r -;p5  Pointer ;  'c 
t*  i  p  tr  i  tti  bu* 

«■  »t.trr 


.  »itm»  '•*  c*,  *•  I  .  .'ttAnnd  il!\0. 

•  la-*-  .•■•fp.i  'l  jfit-  irri  "rtrin?" 


-  BIO  - 


tjf  -»i 


I'll 

ttipfc  ob-Ui&ut.  /*  -el  pointer  to  besmnins  of  buffer  «/ 

l-  ♦Ul'tro b==015>  •:  /*  .'berk  for  CP  #/ 

♦strin?[0}=  »Uiftrob*  f*  rut  char  into  array  */ 

*'strin?t01+i)=0  /*  add  eol  char  #/ 

return, 

fort.  Htiftrob  =2  040.  ttiPtrob**).  /*  skip  spaces  */ 
ifteltiplrob  s=  015)  return.  /*  check  for  CR  */ 

♦  «jr!j=0.  tettiPtreb  '=  040)  It  (Htiftrob  !=  015); i++)  < 
iff»>°'  •=*.  /*  j  points  to  each  detent  in  array  #/ 

M$trinrfO)H>=  Hliftrob**.  /*  put  chars  into  array  */ 

H$trin?t0]*'>=0  /*  add  eol  char  */ 

return. 


•*  DECODE  -  command  decod  in?  »'ouUne  Returns  command  n'jtber 
*0  if  illegal) 

Places  command  arsuments  in  proper  locations  tor  use 
bt  command  servicin?  routine; 

* ' 

decode! ) 
int  >.k. ». 

1=0  '»  k  is  the  retijrned  rommand  number  *, 

for*  »=<}•  j++)  { 

iff*rtnn?[0]==  *c»dsC « 3 >  ♦  checl  which  command  bv  comrannj  to  list  */ 

k=omdn4  .»]•  /♦  set  1  to  contend  number  */ 

.=13. 

> 

i«(k==7*  (  /*  check  if  Cl  or  C2  commend  ♦/ 

ifU*strin?IOJel)==  #icmd$C7M)J  k=$.  /♦  check  it  C 2  ♦/ 

else  ift*!strini[o)+l)==  ♦’cmdstilH')  k=1  /*  check  it  Cl  */ 
else  l®*  '*  set  k  to  error  '.*alue  ♦/ 

l  ♦  ( k= -0 )  < 

*  check  l4*  input  strin?  is  numeric  date  ♦/ 
ifl(*<trin«[0)  :*=  060  W  HtrmstOJ  <=  071 1  II  »strtn?rO)==Q56>  k=10. 

/*  decide  numeric  strm?  in  appropriate  mannner  */ 
itik==l'»  { 

m=a<ctont),  /*  "ascton"  returns  mantissa  in  "daUres**  */ 

i f (m-=l )  k=0.  /♦  m  indicates  whether  or  not  there  was  an  error  in  conversion  */ 

tWoldcomnd—0  fc&  k‘=10)  k=0.  /♦  set  error  if  not  numeric  when  exrectin?  */ 

if*.*stnnfC01  ==  015)  k=U.  <*  check  it  command  is  CR  only  Ito  tojjle  display,  etc.  )*/ 

ret‘jrn(k»i 


♦  ASCTON  -  routine  tor  cweHm?  n.jtieric  ascn  strinis  into 
aPFroPriateh  formatted  t-inarv  numbers 

«> 

ascton1 »{ 

-  B 1 1  - 


ml  i, }.  fc..  ft.  t,  dfls.  erf  Is.  !i» 

ml  fM'"  POV  .  CilTr. 

lt!?=erfls=0.  /*  initialise  $oa«  internal  fla*s  *' 

^n**.  /*  initialize  number  of  integer  and  fractional  places  */ 

*  determine  the  number  of  integer  places  fn.»  and  the  nwiber 
of  denial  places  !»)  *' 

for'  isO  c=  *<.  strinsCG]*)'; -***1  f  /»  so  till  end  of  line  */ 

if*C*056  H  dtls==0>  n*+  /«  count  nuaber  of  deciul  Places  before  deciaal  point  */ 

»44.  /♦  COOht  fractional  fUctS  ♦/ 

pf'c'OfcO  &&  c'=a56>iMc:'0f!»IUc«056  let  dfls==l))  erfls=l.  /f  check  for  error  */ 
if(c==056)  dfl?=l  /*  cheek  for  denial  points  «/ 

»=3-  '*  allow  for  roundins  of  floatins  point  nmbers  */ 

if«oldcoand‘=4  W  »>0)  *=1.  /♦  allow  for  roundins  of  floatins  point  values  to  intesers  t/ 

if<a;2  H  toldconnd’=4  M  »!<•»)  <  f*  round  of  floatins  point  entries  */ 
if(strinstOHft+*]>*06?>  { 

/*  round  »  denial  Place?  to  two  flakes  ♦/ 
carrr=l 

for»i=%-l.carri'*0  ll  «/0-  •--)  <  /*  so  till  carry  not  esual  to  zero  */ 
strins[03tn*jl=4  carrr,  y*  add  in  carry  fro*  previous  Place  */ 

if<strin?C0](n+>]X)7P  s trinsCOHn+t ]=060,  /*  trap  around  after  carry  if  appropriate  */ 
else  carry =0; 

y 

for(j=n-l.  carry' =0  M<  «1  -0.  •—)  {  /*  round  integer  r*rt  4/ 
strinsIOH  0=+  carry. 
if<strins(0jti]»71)  strinstOK  O=0«.*, 
else  carry=0; 


if'carr\”ll  <  '4  add  ieadins  l  it  :arr  .  out  of  last  Place  «/ 

strinstOlf  01*061. 

f or f  «=1.  K=n+3.  j*4-'  -triuIOK  ]=vcv  set  retr.ainms  places  to  zero  t/ 

rtrmstOHftMM’Sfc  »  aid  -iecie-ai  point  * 

n+'t. 

} 


iH»'‘2‘  •'  /*  round  to  "aiue?  when  not  chansins  d  raraaeter  «' 

rtrins[0Hn)=0f>6. 

♦  *rt  '-n+m+t. 

*>=.'•  '*  jet  to  2  ♦••aoti  'ca*.  »!a*e:  * 

n=?.  /*  truncate  t.  *  i t. 3 *»-  ^U-.es  *' 

a 4 « ^1  ir rmnd*  =4>  h«=n-  '*  :f  **t  char.im?  d  parameter  (only  have  n  inleser  places)  4/ 

M?e  liP-n+*M  /•  :et  total  c.^her-  nf  place?  fnr  chansins  d  value  */ 

♦nr' j=0  '''l i«n.  -♦+)  datstrnsl  i]=strinst‘)Hj]. '♦  copy  strins  into  buffer  for  diSPlayiM  on  screen  §/ 
•1atstrn»(  ijsfi.  f*  add  eel  char  ♦' 
it»erfl«=li  ret«rn‘l).  '♦  set  error  flas  4/ 

'♦  con"^!.  mteser  part  of  data  froei  ascii  to  binary  ♦/ 

•la  tar  e»=r<  • 

/4  add  in  weighted  ^alue  of  each  disit  */ 

for*  i=0.  i  >,  datare4=datare34lO4i*(strinsC0)pi  !-*)oO'. 

-4  cower t  fractional  lata  *f 
iffoldcofand'sl'  ret'jrn(O). 
else  < 
frac=0. 
for'  i=0  Km. 

y*  add  in  weighted  *»al»ie  of  fractional  dints  *• 

♦>a  c= frac4lf>pl  4 1  :tr  l  nslOl+f*  1*  P  -06*)  * . 
frac=*  10. 
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p  cur -1090. 
tor' i=0. i<$  i 

t-'ic =fra  -I 

if(fri<i>=f')wr)  J'  '♦  cheek  which  hits  to  set  m  da lares  */ 
daUre4=fdaUr*o'> \  'M  *a  set  these  hits  */ 

frac=-  P-x-r; 

else  datare?=4atare«v  1  '*  don  t  set  bit  in  dataret  ** 

\ 

datare?++  /*  round  ott  fractional  bits  */ 

»Jatar*j=datare  v>l. 

. «  da  tares  in  binary  ♦  orrna t  ddddddddd.  dddaddd  when  decodins 

•1  "alues  and  is  a  normal  integer  ter  all  other  parameters  •/ 
r  et*ir  f  0  '• « 


+  ftND  -  r  rjtne  to**  senum?  '.haracler;  to  terminal  via 
•.rtula**  J’^ut  mejj  'outsta^:*  "butPtin"  and  "bufplout" 
are  the  ;n*ut  and  output  pointer?  to  this  sueue 
Tma  <pj«ije •  are  actuall  u  red-one  ‘t  information  from  the 
user  co* tailed  functions  and  one  for  information  fro# 
the  interrupt  controlled  functions 

*» 

send< >  < 

int  entr  i  •»  I  •  btlecftt. *stacf 
char  c.*d.  ♦♦ptin- eeptout 
&VMF. 
ttoftat=TTy,.>'TAT 
f'r(i=l  */=■>.  i—l  i 

if(is=0'  '  '♦  determine  which  slack  is  beins  sent  out  */ 

ploul=MPloli  >*  set  output  pointer  to  interrupt  slack  */ 

ptin=bfFti2.  /♦  set  input  pointer  to  interrupt  stack 

bytec*t=btcnt2  /*  t-.'leent  tells  which  bvte  in  the  current  ascii  slrins  is  beins  sent  to  Uy  §/ 

stack '♦  ve  interrupt  output  eueue  *> 

\ 

else  ( 

Ptout=bf>lotl  '*  set  output  pointer  to  user  stack  */ 

*lim»bfetili  i*  set  input  pointer  to  user  stack  location  */ 

b»teent=btcntl  /*  set  which  bvte  in  slrins  to  start  with  »/ 

?lacVPt=outstkl.  f*  u;e  user  output  sueue  */ 

> 

cntr=0 

•*hl  lefpti  f»  1  -  flout'  {  '*  test  it  sta-'k  empty  */ 

whil  va*.fostat>=0)  '*  test  status  of  readY  bit  on  serial  interface  */ 

c=  *>  •ctft.jtPb,  teentj.  **  set  nei-l  character  */ 
ifli-=*'»  f  #*  ser/ice  interrupt  stack  */ 

i*'«.==33>  cntr=l  4  '"heck  for  command  character!'!  ..  */ 

el;e  i f i  c==C|'5  k!'  cntr'sOl  ( 

. otraO. 

♦d=c-  ♦  send  out  character  *' 

'♦  send  out  s,->#e  nulls  to  let  term  cat^h  uf  *f 

♦  ort  ist).  » .jo.  i*t>  • 

whi;e*4ttostat  *=A)« 

*ari>. 

whilefmitostat:  =••• 
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/*  send  out  '  mj»  ■  seiuence  .  */ 


else  ‘ 

lf*C==Ull  ( 

♦  oH  i=0.  K5.  ;♦+)  '■ 

*d= ’>«[.']< 

*hi  let*  ties  UV.  =0>.  j 

-0.  J 

)  1 

i*i --=02)  i  /*  send  '  No  error  detected  in  '  */  1 

♦  or*  i=0.  K22;  J++*  1 

*d=Noer[j], 

*hile<*UosUi:*s«»‘.  . 


i t •  ■  -  =’>3>  (  '*  sera  delected  in  '  */ 

for1 1=0.  r’l°. 

♦«*rl  •). 

*hi  le'*tto*U’  s'." 

\ 

'  t •  stnd  hoM  sequence  ♦/ 

f.jr*  1=1).  **♦  ■  ( 

*d=hc**l  0. 

*Mle<*tto5UH  *°* 


'*  send  nuli  cUr 


ifi<*saO)i  <  send  “Hi  l  RETURN  "  sequence  .  «/ 

fort  i*0.  i<ie.  { 

*4=  hltrU  )• 

Mhile(eU'cUt.=0.' 

) 

c=0. 

U*rsr0l37)  *  ch*>  for  under scor *  reee*t  *f 

)=  ♦i#etout*<+*b',e,r«Uf.  /*  clec*  hoe*  Mr.  */ 

»ott  >=0.  V .  »♦*■* 

♦d=01i7. 

Mhile^UosU’.  =ui 

i 


M=o 

j*.  to  ne*l  <:h*r  in  strine  */ 

r;=  *»  lecnl> 

t#ios=0»  >*  i- heel  lor  end  oi  line  ctvir  */ 

j,  »v.  r>t=0, 

P  t-vjt** . 

fV-uCrUcVet+W*  etO'jt=-Uc*fet.  '♦  «r*p  around  circuler  lueue  */ 


iffirzfn  •.  <♦  Pointers  *( 

bfet«t2=rto«jt- 
Mcni2-b  lecnt. 

) 

-  DI4  - 


btrlHlsplout. 
bUntl-b'  Uc*l. 


‘eturn. 


'a  PtjTTTwl  -  routine  to  place  location  o4  outsoins  ascii  Of* 
output  eueue  list  no  ! 

Thu  is  intimation  fro*  user  controlled  functions 

*/ 

F'jtttfl'l'" 
mt  *>o.  \ 

'*  ret  winter  to  start  ot  sir  ins  *' 

biptil*+ 

1 1* pt 1 1 i outsttl+40) )  bfntil*outJtkl.  /*  check  tor  uir^r  around  on  eueue  */ 


»  ftiTTTvj  -  r,>utm«  f-y  riant'?  location  of  out join*  ascii  fro* 
interrupt  service  routine:  on  output  eueue  list  no  2 

♦  ,• 

e  'j  1 1  tv2 1  lo>'‘ 
i  nt  1  c*c- 

♦bfFti2=l’V  '•  f*t  «-nte»  1  :•  ;tart  of  rtrins  e 
btrti2**- 

i*‘b**tij  ; •'•jtsU2***'"  >  t* f  ti."vutstk2.  >*  ’heck  tor  >«**ap  around  on  eueue  H 


*  tn!T*al  mitunrati'p-  » out  me  tor  IPtCD  intrusion 
'!ete-:,ftr  '.’ailed  at  turn  on  tme  and  when  routine  is 
restarted  after  rerfnr»ir?  diasnostm  tests 

*■ 

initial"  ' 

1  r* t  *d. 

e  tern  ml  dmwr. 

'♦  disable  mleryet :  te»***rar;lr  *- 
•K'jft. 

4.j=t  Opt«7. 

dMNTVEC. 

-♦  place  starting  address  ot  dun**  r  outine  m  DMA  interrupt 
vector  location  *' 

♦•!♦♦=  t  lu*». . 

*,}=V4»), 

•jr-JfP 

♦•tr  '#  ;et  DMA  u f*  to  initial  "aiue  •-25o'  #/ 

•1=BAR. 

*d=  rbu*  1  •  ■'*  set  DMA  fn*  pomtins  tc  butl  tor  first  packet*/ 

slinsUl-Tt^TftT.  ■  ♦  ;e*  pointer  tv  :•*»  ul  int  input  status  brie*-' 

oldcowd=lM 
a  I  di  sab='.' 
f  !a  *^0 

t*.i*trit  =  r.tibu<.  *  roi!*t"r  to  input  butter  *• 


Uii  l»  rtfr=Uit«ijt  !•  *•».  pointer  '.o  output  butter  *' 

•  •  i  ,  f[I.E<  /*  *T  t" i *  +  ^ !  •'  l-l  •!  *1 

;*t  « *■«» »■**•-»' '  to  •■irioij  »itml  <u*ut.  *l 
:t:M  ?• 
i *“**it 

^  i:*  1 

■ 'tl-'t  .♦  set  initial  :nar  '.fitf  to  0  ♦/ 

:rt.t!9=r*  /*  »U«  t*  Nil  when  aiculation;  snoul4  be  4isabled  */ 

l4ir»=*‘i.  turn  .r*  a*;«*ble  alar*  mituib  ♦' 

>?tr=  &htab  '♦  :*t  f.  :--’-  tc  start  of  table  used  tn  computations  */ 

aetr=  N  '♦  ■  ► t  to  start  of  a  "ector  */ 

•rn t=0  4  ■■•••jrter  to  tell  ^hi-h  rth  of  compulation?  currentb  on*/ 

♦  -Ul*v 

l.r *»=■*>  *  **t.  fl  *2  tMlia ; 1  to  h  ♦/ 

tre*»l=* 

oMtr«*si; 

bun- 32  /♦  initial  "alue  of  N  parameter  */ 

Mip=12.  /*  initial  »**We  oi  P  parameter  ♦  ' 

buf»M*=<V  '*  start  *iV<  ,bufl  4 or  ftr  -t.  packet  *' 

♦  initialise  lev  4^25  terminal  *' 

f utttYl'.wv'P,  /*  define  workspace  etc  *' 
njHVrlt  learn'-  f*  rrojrar  PT  Vev  to  ?o  sequence  *' 
t*  prosrajn  "arious  erase  char  and  era:e  line  kev:  *' 

MlltlYl'fP). 

PuUttHflO). 

PuUtYllctrh*. 

Mitttvl 1  ctr.Y ) . 

'♦  Test  if  DMA  test  cable  is  m  dace  ♦' 

4®CSR. 

tiriP  1 =  Mi*4  i>  070000>8j '  ■■  .'lb 

♦4s?1  01 77?61  /•  tyn^ti  :n  line-  to  * 

**1=i  tar  I 

!»p2=  :  *4  >•  •'■7(H»r  .  w 

b'titpl  rr  ».»p2'  (teatrt'1  '*  check  if  status  =  function  lines  */ 

♦  put  up  •«-*t:tial  -liffla  ♦ 

4i:*U  :» 

t ' :  *  '• 

p-ittt'!  i«:0 

*U*"»t  * 
tt  1  •  *.•<?  ■»• 

;»ot  .  *  rr>ct-  ayeue*  v*  ta*  'al  *- 

♦  'el  4*»a':it  faraf*  t-  •■>•  •»:  jse-1  r  calculation;  *./ 

[•  "arj*  -  V-  4 

data,'esp‘‘ 

>1,t  *’r »»*;•'•  \ 

da  t :  ’*'n  v  |  1-1  -  • 
iatrV-^  ■' 

Mr-'  ■ 

*♦  M  "aloe  *  ?!'  */ 

•la  tare?- 32 
latStrrjtOl-'.wb?- 
•Jat;trn?ni--'>2 
datftrrr?t22-v 


!V.V«»=U 
Hl-trn?Lvl=<»61 
-Ja :  f-r  n»f  1 
4al.*trft3C21r". 

ppi*rM .» 

'♦  ft  =  12  *' 

nrrW ), 

'*  C2  value  ~  480  */ 
da  Ur  €5*48* » 
dalslrn«D>l='>t4. 
iktstrnHU-'VM. 

•Jaljtrnjtjl’O^O- 

4at.*trn?[ 

f2  i, 

?r»n4M.  *  \<>  .vjt  fiytryl  i*je*jss 

/*  •*!  =  2,<0  *■ 

4iUrej*23o 
da  t-lrn?(rt  ]=<»*,:. 

'l*’.rtrn*n  l-'Y  ■•• 

•Utslrnjl?  i 
1i’:tr:?r  •:'  • 

• !  ) 

'*  t  •  ilu*  -  v  4/ 

•la  tare*"':’ 

■V.itrr  »fv;“|,»7o 
:  »rt’.  '• 

*  I  **:•!•  '  r  17  * 

*  •nrn*’  •»  ij  is  nnnfi  nnnnrr.n  ♦. 
dat  jr'e^Ol  Lt  • 

•l-'.Mti  r  ;l‘>l*0*e. 

•f’.  * ;  tm  ?[  i • 

.4  •.  *  •  f  »•.  a  v*  ^  ]  ”•  1  . 

<-1r:?r*»P]T-'‘ r, 
l~-‘ •. 

i . 

*T'  :t 

*  *z  ■  (■]•*•«  <*  >'iiM  (•  1  r. 1  .•*-»■  if C»J  ft* OW  DMh  4/ 

,  ♦  hi  i.  «*?  \ : 1  *  ■ 

.•4  i mi  1 1  vv.  *.  <er  a  **«  •Kr'Winds  to  itfe  sure  internet  has  hit)  */ 

'♦  set  a  1  -irffi  disable  count  ♦  • 

aidtMb=bi *'‘*bispe!-  /*  ’Ms  should  do  it  */ 

-1=1  01 

'♦  raise  ♦  •in' Uon  three  line  *f 

*4=1  010- 

return, 


DDL  I  -  T  -  routine  to  h;t.  "£»"  "a  lues  » 
ddlist’  1  •■ 
bssi ). 

4uttltl‘ ddlrt'- 
nUcotftd=l 

*  NNLI:7  -  routine  to  list  *S"  ••alues  *' 
ftMlstl*  t 
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f'KUrl'tftlil*. 
*1  lco»?r4=C 


PPU  ?T  -  '  •■•uli n*  l«  list  *****  -aly*?  ♦ 

! i<t* '  ( 

mUtvli  rflsl*. 

\ 

'*  BLKT  -  r*u'.int  U  Usl  'V  ‘'ilueS  «/ 
•MiiUi  ■ 

\ •• :  i  l , 

••j 


*  Nl.I'iT  -  -vjtjne  \'i  Us*.  'mIu-s 
■>:  i/t‘‘  : 

■  i».U  l'  ni  • 

1  *  •iftfid-*' 


*  T(.  :  -  •  ■  •  1  ri ^  \a  Jt<t.  "I,'  Vilu«i  *> 

1,1  t-M  • 

Uv  l '  U:*.  • 

• I  t'Wi-h 


•'  ''2LI:T  -  •  :lj«*  I:  lii.  j  '.'ai  ♦ 

1 . .  -?  1 1 

■'I 


-  !.;LI:r  -  •  /yi.ifi*  y>  1;  ''.  .1"  "ii ■;*: 
■llv.-V 


-1 


-  r,'.r:t . 'p*  'ha*  >*  **1*'  *irv**\tr  *■■ 

i 

♦  b*'i  t*  »  iWl  •  'i  1  *j <?  D  nram»l*r  ♦/ 

b<jj‘  •  /♦  »yt.  gr  err  i**?sa3e  »/ 

MUYiM-lifU. 

**  t«**oranl-  -JisaMe  wlcyU’.ion  rculint;  ♦/ 
1*1(19*1 

blJd=d*t»r*9  '*  s?l  rip*n  [i  ’4lg* 

♦  njt  a?cn  stnn?  ot  par**-’.*-  "alu*  in  butffr  *> 


*or< i*0.  dilslrnrflJ.  i**>  bi »<JstrC l J=d4 ts trnst  1 J, 

bi  *4strf  *  ]-v. 

ntM'sra,*s2e»*'b:jd,  /*  set  nuaber  of  terms  used  in  computing  baclciround  sp at  avi  */ 

tb»4=bi sd" ' I  /*  2*0  value  used  in  calculi ti on  routine  */ 

t*  set  number  <sf  shifts  to  divide  br  D  */ 

if<Msd==l*.  dshft= 

else  dshft=  -5. 

'*  enable  cal* 'Jlatiori*  */ 

inWls=0- 

p»itttrl‘  Idloc' 

rutU.i'biMsV'*,  /*  send  new  value  of  0  to  tenml  */ 

/*  refresh  bctlM  ot  screen  *' 
bssli, 

suUV.lMisr-2'. 
i  *#<jrn 


•t  '|f ISR*  r  jtme  to  change  "N"  Parameter  */ 

nn?r*0  \ 
nt  i. 

i  heel*  tor  valid  N  parameter  "alues  * 
ifMiUre?;2  M  <ktare3>4Q)  f 

bdsP.  /#  put  (jr  error  messae*  on  screen  */ 

PulUvl»rrl?t)i 

return. 

4  tern*  di  able  calculation  routine  *■' 

7  rf *1 fsl. 

M  »n=datare«  /*  ret  new  •  *a  1  u<?  ot  N  * 

'*  l«*>i  *jp  rvt.Nf-1  N)  in  table  *■ 

;m=npi  Cm  ?**-!? 

thresh'1  >*  recompute  new  threshold  table  used  in  computations  */ 

fo*',i=0-  datstm«[il.  bi *n:trCi)=<tatstrnjIi]. 

biso?tr[i]"M 

"«r4p=!il2*fri?n.  /*  "eiue  to  tell  when  vector  holdins  past  data  is  full  */ 

pcnt=0;  '*  counter  to  tell  which  pth  of  computations  on  */ 

rdtrsh=<bi?n*P»l.  ;#  value  used  to  4id  in  roundm?  oft  operation  ♦/ 

vPtr=  ha  t *  set  pointer  to  sUrt  of  x  vector  t/ 

mptr=  !«  /«  set  Pointer  to  start  of  m  vector  *t 

fort  1=0.  i«bi?n«8t- 1**>  xt 1 1=0,  /*  cl«4r  x  vector  *( 

for (1=0,  i'l«>24.  i**)  mC 1 3=0.  /*  clear  •  vector  */ 

nncr=0.  /*  clear  pointer  to  element  in  *buf 

np*bnn*bi«p.  /«  compute  M*F  *' 

4ldi54b=np.  '*  set  alarm  disable  counter  ♦/ 

•'*  enable  computations  ♦  ' 
i  n»*  i  i-f; 

•  *  send  '»•«  "alue  t?  Ur  *• 
pulttvllnnln--  • 

‘utftv  1 '  bl?r‘tr  *, 

■t  r*fr>e*h  t  •tta  of  screen  * 
ts:'  • 

eytUvl'di?*:*. 

•'Idcrmnd-l* 

r<Vn 

1  ?  Pf*RV  ~  •'  utme  f'<  chani*  P"  parameter  *j 
P*  T"! 1 
:  '■*.  t 
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■t  -SaM  it  "ahd  P  parameter  **4l tj«  #/ 
Htrfatarevlf*  l1  dalv**>25fc‘  i 

MfO.  f*  end  err  *r  Menace  tu  tli  *• 

puUtYl<Pri?t'. 

return 


'♦  temporarily  disaMe  computation?  *t 
initial 

bi ep^datare.*  '*  **t  new  "4l<i*  *♦  P  *■ 
for*  i=0-  daV'V'sslil  bi«pstrli)=4atstrn9[i). 
bi  j^slrt  1 3”f> 

'♦  compute  he*  computational  1  should  be  divided  *' 
f*  pnorm  tell?  how  many  computations  will  be  done  the  first 
nl-1  iterations  while  pUsI  tells  how  many  will  be  done  the 
nlth  time  nl  my  or  my  not  be  aoyal  to  P  depending  on  the 
current  "al  ue  of  P 

fll=bl9P-l 

p<nt=0* 

poorer*  (5!2'bi*)+lk»li 

tpuorm*rnora<<li 

pUsts256-pnor»*iil; 

if(plast>25‘  (  /#  allow  maximum  ot  25  computations  each  time  ♦/ 
pnom++. 

tpnortsPf»«rt«l» 

pU?t*25fc-rnormenl. 

> 

while* pUsV.=0>  < 
nl— 

cU.*ts256-pnorit*nl 


n|e+. 

»ptr=  %/  /*  set  points  to  *  "ector  ♦ 

*ort :=0:  r’1 1 1 «K'!8*  !*♦)  '*  clear  x  "ector  ♦/ 

»ft*'-  tie  '♦  ret  pointer  to  start  ot  n  "ector  ♦/ 

;♦  Hear  *  "ector  ♦' 
tyr1  i=A.  i  lvt-4.  r*£ :  ]-“■> 

•*  ;aT  pt*r<tpr  to  Star  tin?  location  ;n  but  ♦ 

j  n~r=V 

nf?t! ?o*bi .**  '*  c 'input  e  r.‘*c  ♦ 

aldicat-v  ret  -i Ur*-  . ibie  t-  ♦• 

enatl*  -at  vUti'n;  *• 
ntt*  r=>: 

♦  .*•»!<  "**■•  C  *'  It.  * 

»«»*  »  ».vl  *  ***'  '  ‘ 

*  v»*  *  t*.  1 1  b  -  « 

'♦  ret-esh  bottom  A«  "Teen  *i 
p’jtttrl 1  d; 

rcbjrn. 


*  rJ*PV  -  *•  < •»*,*. Tra  to  change  "I"  Par  ameter  *• 
.j?r*'< »  ••' 
int  1. 

'♦  checl'  ter  "alid  d  parameter  "alues  * 
if< datarem'-v  l  i  da  tar  ee>=‘>24*>^  ( 

bdsU.  «'#  :«M  erro*-  oersa?®  to  tv»  */' 

puIU  1‘dlsU; 

retur'- 
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smi=  da  lares.  '♦  ret  new  ’‘aiue  of  d  parameter  */ 
tori i=0  datstrnsti].  i**)  s»d«trti]sdatstrnjtil 
sidstrf  i  }=0; 

threshu,  /*  conrute  new  threshold  table  for  use  in  confutations*/ 

/*  send  new  d  value  to  Uv  *• 

putUtMdloe*. 

ruttlvl*  sndstr). 

hssi  )> 

hjUV-1  di  1  ■ 
r  etnrn 


>  HW  -  'j'itme  1*  chanje  “ru  parameter  ♦’ 
r  • 

in'-,  i 

•*  A*e  '  tor  “alid  n  parameter  values 

\f ' datire?'**  W  datart?'**  It  <kUre«'-U  It*  <kUrej'=\5'  11  daUreKsit)  1 
bds'  '*  rut  erro»  oe.-sase  on  tty  *•' 

fiUUKnlsV. 
return- 

•■*  '*!***»:  I  *.  disable  confutations  *' 

^n=kUre?  '*  set  new  n  ‘-alue  ♦' 

forii=ft  datstrnsCxJ,  i+*)  sAn;trt;]=dat?trftj(i 3- 

sfto?lrM=0. 

‘  vl  *  set  up  ms k  tor  :oa»  routine*/ 
P‘aldisaKsftn'3*  aI'Jisab=;»' '*  set  alarn  disable  ♦/ 

'♦  enable  ccafu tat ions  *' 

.  At  f  l  »rt. 

'*  send  new  n  value  to  tU  *• 
puttlvl*  nloc) 

•uttty  1  ‘  SAftS  lr '  • 

b?fJ 

PuUtY!ldisr2). 
ot  demand- 1‘>. 

"eturn; 


•*  r?RV  -  routine  to  -'haoee  "t"  parameter.  *■ 
tfr"1 i  < 
int  i 

'*  '■heck  for  ualid  t  rarameter  values  ♦  ' 
if'dataresrsim  M  dataresO  H  dalarejM5l  ( 
bdsP;  '*  send  error  Ae-sase  to  tty  *•' 

p-jtttvl'tlsf- 
return. 

\ 

*♦  set  new  t  "alue  ♦  ' 
sml=d*tar  **, 

tor'i=v  dalstrnsh].  i**t  sutrtrti  J*4at?trns[i]. 
.mtftrliJsOi 

■  *  erl  ne*«  t,  "alue  to  tl  * 

Mjfltyl'tJoc). 

*  »lUVil  ’  'ft  t  Sir  • 

Kf-ri  ' 

«•:*.*  V-t'diseZ*- 

?i  1 '  vji''  ♦=!<■' 
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'*  12$*V  -  ro-jliM  for  chimin?  “C2‘  P4r*tieler.  */ 

I)  < 

|M.  1- 

♦  *or  t'*M  £2  w»*l«r  "dly*?  */ 

*  “<•!  '.1'  l>  daUr*.v5n J  . 

M51*.  •*  :»M  «Tor  »«5;a3e  to  U>  ♦/ 

*mUV.U  'll  ?l). 

ret'*rn 

♦  <•!  r>w  C2  »4''4»*>»«r  ■  /a i u ^  4 

■?-toUrt* 

f;-r':=0  4U<'.r«v*{iJ.  i++t  cZ-JlrCil-'klUrnstU. 

2;  VIi  I-0- 

♦  coupuU’.ioo-  ♦• 

1  ri  \  ♦ !  *»"  1  • 

'♦  c'-ftr:’.?  •uiV.Ple:  of  Cl  t  *»■  !j;e  in  sUre  Ui«  “tan.1*?  */ 

♦  w 1  l-l.  i >=•>.  1--)  «?^2t  1  l=cc2C !♦! )  -<l . 

*  mM*  COtP»jUUoflS  41 

**  ?en<J  tm  C 2  “ill'jo  lo  Ur 
*utlVrlfe2loc‘ 

PvUtrl<c2str*. 

b:>*u. 

rijtttvl  ‘  di  jp2*. 

oH<onnd=lO; 

r»t>jrn. 


/*  tlSRV  -  royline  tor  clunsirj  “Cl"  rdriniter  ♦/ 

r  J  <f'.'  ( 1  ( 

ml  1; 

'♦  che<->  if  vi  1 1 d  Cl  PirdBie’.^r  "ilue 

1 1  fcUre?.0»  v 

bd$U.  /•  5«nd  *rri>t  lo  Ur  ♦/ 

P'jUlrUclllU. 

r«lurn; 

> 

'*  w  viJijo  ot  M  Pdritn^'.df  ♦• 

♦  •YMsrt  •  i-l.  ;  j  -i4l. T»3U  j 

l:»rt  !?=<'. 

'*  ’.*»r  41541! •  <cm»'4U  .  •  ’ 

initial 

'*  -Tit* ’ll*  Vil’.tPl*  *  *  •  '<■  '.if  ?  ’.IP*  Chi';?**  4 

♦  •rr'i*;  : •  -•  ’  1;  !1r  ‘,M  l 

’ ♦  •Mt1.*  ■  •'^r  ’’All  *  ■  * 

/♦  ?*nd  Cl  ■•il'jp  *..•»  U  * 

p  jV.bl'dl^  • 

Pij’.Ut  1  •  •!:’••• 

» 'lUV.l 1  -li  ;p2' 

AMfonto^lC1. 

rfft.ijrr 
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*  i$PV  -  routine  to  do  "other  features"  *■' 

Iflf'U  ’ 

ini  c.  *d 
4=TT!BUF 

switch! da Ures »  { 

'♦  change  status  o»*  audible  atari  *' 
rase  l  4>jdalr»=uydalm+l)!-0l. 
break. 

*  *0  t.%  routine  which  test:  the  A  to  D  converter  */ 
a;e  2  alodtsV). 

return 

>*  jo  to  routine  which  tests  the  projranable  disital  shift  Iqjic  */ 

3  H'trt'  *. 
return. 

.  ♦  *.>  routine  which  diSPla-:  the  DMA  test  instructions  ♦' 
a:-*  4  featft'O.  >*  put  up  DMA  test  instructions  */ 

while! *slinrtat2sOl  ;eMf).  /*  wait  for  halt  or  skip  lest*v 
e*  *4  h  017? 

if  *  c  •=  015.'  addfeat').  '*  put  up  additional  teat  list*/ 
else  haltO.  /*  execute  halt  instruction  ♦' 
return. 

i  #  «o  to  routine  which  tests  RAM  part  of  ten  or-  «<• 
rase  ?  rantsV ), 
return. 

*  ?o  V«  routine  which  tests  PROM  Part  of  newer.  */ 
rase  h  rro« 

return. 

*  j)  t-  routine  which  test;  the  ttv  and  serial  interface  *• 
ca-«  ■*  ternlstO. 

"•turn 


•»  r>  biM  to  the  ormnal  display  */ 
••ltd:*!* 


'  ApDFEAf  -  routine  to  rut  up  display  of  additional  features  list. 
This  list  tells  the  operator  which  tests  he  war  or  wav  not 
choose  to  per for* 

*• 

add* eat  •>  i 
pytUrl'disp3> 

eutttv!* 4i?e3b*. 
puUtvl‘crlf»- 
p*|t  ttvl  *  Sk  IP'  • 

/*  decide  whether  t*  rut  up  audible  alar*  enable  or  disable  *' 
if'audalrm=-o>  rutttrl' 1 in*la>. 

else  ruUtYlMinetb>- 

PUtttrl • sklP>. 
puttty  lr  lm*2k. 
pyttlf! '  si  ip). 
putttrl-  line?) 
eutttrl :  *1  ip). 
putttyl* lined), 
rutttvl • skip); 
ruttVi '  lifted), 
nttt.!  -  \  ip). 
putttvl' lineal. 
fUttMi  skip). 
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PutUtl;  Iir»e7». 

••jUM'skir*. 

'•jlllrl'ltntB). 

’vlUri'blfikl. 

p-jtU  ! ‘ !  j ne°> 

t  ■  ♦  draw  bo'  for  Uriel  n>«ss^?«s  */ 

«Ii*tO  '•  fill  OF  to-  With  iFFTOPTliU  HeSSa?e  *■' 

d«Jc(#nd=°. 


PUTKP1  -  routine  for  euttins  initial  raraieter  display  list  on  the 
f*yeer  Thu  is  the  durla-  that  is  first  seen  at  turn  on  tine 

♦  » 

'OMrrl'f 

■Ji.rla.lU.  i*  frtv  tahl*  at  lor  of  screen  *' 
send* 1*  '♦  emit*  output  eueues  *' 

'♦  fill  t n  uarious  parameter  "a lues  *' 

'utttvl'ddlocf. 

PutttYl'budstr* 
pijtttl 1  nnloc 
pytttvl'bijnstr  •• 

••jtttYl'  pp1oc> 
putttvrbijpstrf. 
pytttYl'dloc). 
p'ltttvl  *  sftdslr  * 
putltvl' nice) . 
puUtv!*  runstr » 
futttvl1  tied. 
pyttV.  1  smtstr' 

®MttM'o21oo* 
p*iUt  r  o2?tr 1 
olUrl 1  clloc*. 
pylttrl'clftr'. 

*  til!  in  bott*  o»  screen  ♦ 
brs«  »• 

p'jtttrl'  dUP2  ' 

hr*').  '♦  dra*  bo>  *or  tareet  m<$sa«ei  *' 

alanef *  '*  fill  up  t->  with  appropriate  aessaie 

•ildrn»rt=l'J; 


♦  DlSP'&it  -  *  outr  e  V-  aid  trie  PUT[*F!  duflav  ratine  in 
■onrt*",i',t:oa  the  initial  Jir’a.  TMs  routine  actuall* 
'Jr aw;  the  rarane’e-  labl*  at  ,ve  top  of  the  4024  IispU1. 

♦ ' 

diseU'lff! 

Putltfl ' ddl 1 )• 

PuUtYUddi:>. 

euUtrl‘ddl3>. 
putllrl l-  dd!4>. 
pyttt*.  1 1 
tutUYl*  idl4» 

•uttM-MlV. 

«V.»M'4dV?* 
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eytUYl-ddiS*. 

FulU.lddlie). 

rjUttJ««U2». 

rutUrl'ddlS). 

pytttd'ddlM). 

*tiUtfMdlV- 

mutUYl'Mllt). 

puttM'ddl5> 

niUUl'ddll8>. 

*«nd<).  *  empty  output  eueues  *> 


»  ATODTST  -  routine  to  ted  A  to  D  converter 
This  routs oo  tests  the  A  to  D  converter  on  the  custom  interface 
hoard  bv  loadin?  samples  mto  memory  via  the  DMA.  The  function 
line?  of  the  DMA  are  set  to  If  to  allow  all  12  bit?  of  the  A  to  D 
to  fee  displayed  It  n  assumed  that  start  convert  and  start 
racket  signals  are  bem9  applied  to  the  interface  board  These 
alio**  clocking  of  the  flip-flops  for  the  function  lines  and  provide 
cycle  request  pulses  for  the  DMA 

%< 

atodtst'.  >  ( 
int  *b» 
char  c-  *4. 
d=TTlBUF 

atodinsi).  /*  p*jI  up  instructions  for  A  to  D  test  *t 
*  Halt  for  continue  symbol  (return)  or  skip  test  (anythin?  else)*/ 
*»hi!e<*sUnsUt>=0)  sendO.  /*  refresh  target  messase  while  waitinj  for  char*/ 
c=  *d  t  0177;  /*  remove  Par  ity  bits,  if  an.  *l 

if'.c  •*  015)  (  /*  died  if  not  CR  ♦/ 

addfeatO.  '*  put  up  additional  features  list  */ 
return; 

perform  A  to  D  test  ♦* 
disable  internets  */ 

b=C$R» 

♦b=h  0177677. 

’*  set  function  lines  to  display  all  12  bits  of  A/D.  */ 

•b=*  0177771. 

'*  display  A  to  D  output  on  screen  in  binary  and  decimal  */ 

PuttVil’ddU!  t*  IPf.CD  line  at  toe  of  screen*/ 
euUtrladtst).  '♦  test  label  ♦/ 
p’jUVi  l1  hi  tret*. 

P'jtttYlhOlifl 

/♦  reeeatedl'.  call  routine  which  jets  sample  from  A  to  0  */ 
t^stit  while' *stinstaV.  =0)  atodO,  /*  wail  for  some  find  of  break  */ 
ns  *<l. 

**  terminate  test  and  reset  program.  *' 
initial".  /*  call  initialization  routine  ♦' 


'*  A  TOD  -  routine  to  act  jail  r<?4d  and  disMa.  sample  from  A  to  D 
this  routine  is  called  t»\*  both  the  A  to  D  test  and  the  PDS  test 
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ro r  the  A  to  D  test,  the  function  lines  ere  set  to  display  all 
12  bits  before  callins  while  tor  the  the  PDS  test,  the  function 
lines  ire  circled  throush  there  various  'alues 


atodu  t 
char  *b, 

ml  id' i.  di'.'ide  shift 

•*  set  ye  DMA  to  load  in  l  Nio^d  from  interface  */ 
d=WCP„ 

*d*0!77777. 

<J=BAR; 

*d=  hatodbrt- 
d=C?R. 

•4*1  01  /*  hit  '30  bit  ♦' 

'♦  test  if  DMA  -lone  loadms  m  word  */ 
h=f-.R. 

Mhi!ei*b'  =0) 

'»  disrlat  'atodbyt  on  screen  «/ 

'*  r/ifji^ert  word  from  binary  to  ascii  representation  of  binary  */ 
t*  onl/  12  hit?  of  the  It  bit  word  are  displayed  •/ 
•Mft-atodbYt- 
itdbinll21=0. 


atdb:ntiJ=<shift  t  OH  ♦  OtO. 

;hift=shiftvl. 

*«r t  binary  word  to  a:*'il  representation  of  decimal  Malue  */ 
atcdeoUtodb't  atdoct). 

*  disMa'*  binary  and  decimal  ‘>er$ions  of  word  on  screen  */ 
pytttYpbinloc). 

fijttttl'atdbir 1 
pvttV  1  octloc ’ 
putlhl'iHort1 
«  .  lear  in;t*"t  buffer'S  * 

>nd*  * 

*  »•' »S,V  i  <  muy  /*  d*la  to  alio**  terminal  stnc  •/ 


*  rtrODINS  -  routine  to  diseUv  instruction  frame  for  A  to  D  test. 
A  brtef  descriftion  of  the  A  to  0  test  if  displaced  on  the 

'  *r  a  « ** 


atodin;'1  < 

•utttvfddll;- 
r  ittt'l 1 atodl » • 

'j'tt  ’ 

^•tt,1*MU:t>. 

to- if.  '*  dr  a*  bov  for  target  mes?a3e?  •/ 

alarm!?.  *i!l  bo-  with  appropriate  messase  ♦/ 

sendO.  <*  etfti  output  eueue:  ♦/ 


PO^TS7  -  routine  to  test  the  prosrammible  disital  shift  losic 
This  routine  tests  the  PDS  lojic  circuitry  by  disrlavinj  its 
output  on  the  screen  •>»  a  DMA  transfer  The  function  lines 
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■ire  r.cled  through  the  various  possible  combinations  And  the 
iw->rru^!,  shitted  version  of  the  outeut  of  the  A  to  D  Are 
displaced  ftr*  the  screen  i r»  both  binary  and  decimal  This  routine 
is  very  similar  t«  the  A  to  D  test  routine  except  for  the  feature 
of  cvclins  through  the  function  line  values. 

#/ 

PdststO  < 
tnt  *b,  fin.  i 
char  c«*d. 
d=TTIBtf 

^dssns- 1  •'*  rut  up  Hi  instructions  */ 

/*  wait  for  continue  symbol  * return)  or  skip  test  (anythin*  else)  */ 
*thiW(»sUn<Ul>*OI  rend**.  ■*  empty  output  Queues  to  display  tarset  */ 
c=  *d  *  0177. 

i*ic  '  =  015*  (  f*  che''k  i*  not  CR  */ 

addfeatu.  /*  rut  ut  additional  features  list  #/ 
ret'jr  n- 

/♦  per4 ■‘•mi  eis  test  *' 

'*  disable  internet*  *' 

b=CSR. 

♦b-t  0177677, 

•*  set  function  lines  initially  to  tret  */ 

Hn=06- 
*b=l  fin; 

/*  label  screen  */ 

fjtUYl(ddll). 

PutUrMpdsdlsP. 
fjtttvl'rdsdisi  , 
rutUviihitraOi 
fjtttvl'hoeiei- 

i=0. 

.*♦  initialize  buffer  used  to  display  value  of  function  lines  on  tty*/ 

♦Iinestll=flinest2]=fline$C3]=040; 

flines[5]=0. 

testit  atodO.  /*  actual  1.  so  to  routine  which  displays  output  of  PDS  *■ 

■*  display  function  lines  *f 
flipestO]=  i 'fin  &  02)»l>e060, 

♦  h nest 41=  ((fin  &  04 ) »2 > 

PutttYpflnloc). 

*vtUTl!fline<>. 

i*A. 

: *' ' i>20‘  (  del*  in  chansin*  f  lines  */ 

i=0 

fln*+  2  /*  chanse  fur-lion  lines  *• 

lfMl«>6*  'ln=0.  '*  check  to  see  if  valid  combination  */ 

'*  rend  out  ne«  function  li^e:  ♦' 

*b=t  0177”7|. 

«b-!  fin. 

ifn ttif ***.at.=''>  ?oto  testiV  /♦  loot  for  break  signal  ♦/ 

*4 

■«  t -ruinate  Uit  and  reset  f  cor  am  *>' 

.  ,!*.  »*...  •  *  t  initialization  routine  *t 


'*  D[*S]’fr:  -  *  .utine  to  li?‘U  P0*S  le  t  instructions 
~ln  •  outirc  1 1 ;*  *  a  N  .e*  d^jcript.  ?n  of  the  test  of 
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the  Prosrawuble  Jimiwi  ^hi*r.  lojic  circuitrr 


MIT 

v.  .'.i'Fi*r 

‘  ;  1 : 

■  ;  *  t  0  * " 

.  •  •  :  4 


>  .r), 

1 

«!» 4*  bo  Mr  ai.*!*,-im  Ur>et  nti)  * 
lii*"1  /*  :k  Mit.h  appropriate  message  ♦' 

'*  oy  * f i;t  rjeue *  •  / 


s  -  •'rytire  ».o  test  the  4024  terminal  and  serial  interface 

This  routine  test*  the  4024  terminal  and  serial  interface  to  the 
POP  11-03  in  three  $1*9*5  <1*  By  performing  the  standard  4024 
terminal  left  routine  <2>  By  sending  *  uni  eye  character  pattern 
to  the  monitor  area  of  the  terminal  <3)  By  sendin*  a  unnue 
rharacter  pattern  to  the  workspace  area  of  the  terminal 

♦/ 

termtstf  >  < 
int  *b.  i.  k. 
char  e.*4» 

MTIWF. 

terminsO,  /*  put  up  terminal  test  instruction?  ♦' 

/>  wait  ter  continue  symbol  (return)  or  skip  test  <an>  other*  */ 
while! *stinslat>=0>  sendO.  /♦  refresh  target  me;-a$es  mhile  maitin?  « 
:=  #d  ft  0177. 

i Me  ■=  015)  <  /#  check  if  not  CR  *' 

addfeatM.  /#  eut  up  additional  features  list  *' 
return- 

f*  perform  actual  inis  term  test?  */ 

-t  disable  intents  */ 

b=C‘*P. 

♦t ?.»  wnr>. 

*  *.»<t  terminal  with  rtandard  4024/4025  test  •/ 

»>iUM‘  test). 

.end1'.  em»tr  output  aueue*  so  test  is  e'ecuted  *’ 

•*  ;it  and  wait  for  a  while  ♦ 

*  •  M-O  tc<r'i=0  i/y**eVV  i*+», 

'  '1W  i- 1  an  £1  'Im*  a?  ter  line  for  repeated  disMir  on  screen  *' 

•v  !=•'•  i  i**>  * 

if(':M)  -M?’1  "jPHnt:  1=i-m 

e!*-  •ur*  l  r<f  i  J-W*  ">  ":p  4024  command  character  1 '*  ♦  ' 

•|M  lr.r :  ?***».  •*  *v«  ♦  i*ri.  .'har  *> 

put**  .1  r.jfr'2  ‘ 

d*  1  '*  <^>rf  iiiAifu  -  4 
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/*  *4 it  tor  proceed  un»  toman}  entry?  *f 
*’f  i  ie1  *  :.ir.?UV  =i.*' 

r  *4 

*  *il!  foni’.-v'  t croon  with  £l  character  line? 

PutUtl<*V<*on).  f*  *ai*  <cre*n  all  monitor  space  *f 
whil«(*stinstat>=0)  <  check  serial  interface  status  *J 
PuUttll  HjnUft),  /*  rut  slrin*  on  output  iueye  */ 
send').  /«  emrtr  out  rot  queues  so  strins  is  displayed  §/ 
for<k=0. kcV>00; '*  fait  a  while  so  terminal  can  catch  ur  *' 

r=  *d. 

/*  till  workspace  with  $1  character  lines.  */ 

ruUtYHmkwer'  /*  make  screen  all  workspace  (except  last  lint)  */ 

while(*?tio$tat>=0)  (  >*  check  serial  interface  status  */ 

Puttt/K iunHn>.  /*  Put  strins  on  output  eueue  «/ 

•end'.)-  /*  «f»ptv  output  eueue  so  strins  is  displayed  »/ 

for(k=0, k<5000. k++).  '*  wait  a  while  for  terminal  to  catch  up  */ 

c-  tdi 

'*  reset  routine  and  return  *■' 

initial*  >.  /*  »o  to  initialization  routine  ♦/ 


•*  TERM I NS  -  routine  for  diselanns  tern/ inter  face  test  instructions. 
A  brief  description  of  the  4024  terminal  and  serial  interface  test 
routine  is  displayed  on  th«  screen 

♦/ 

terming)  (. 

Putttrl'ddll )■ 

PUtV.vl  •  serl 
ruUt»p  *er2). 

•  «Ut»|!  ser?.'- 
putttvl'  ser4i. 
pullttH  ser^i. 

Pultty l • s«rfc>. 
puttlrlf ser7». 
putt*fl!ser8>. 

PittM  •  serR » 
putttvl'.  seriov 
PuUtrl*  tu  list'. 

bcxf.  '♦  draw  bo>  for  tar  set  info  *> 

alamo  /#  fill  bov  with  appropriate  nessase  */ 

<endU.  >*  emrtr  output  events  •/ 


'♦  PR0NT>t  -  routine  t»»  "«rif .  FROM  checksum? 

Checksums  are  computed  tor  all  of  the  lower 
4k  words  of  PROM  and  lost  the  upper  4k  words  of 
RROff  The  proper  ••alues  of  hcth  of  these  checksums  are 
stored  in  two  words  in  th->  up  per  4k  section  These 
two  words  are  not  used  in  actually  comrutinj  the  checksums 
but  are  onlv  used  for  comparison  P'jrpose?  Actual  and 
expected  **alves  of  checks**;  are  displayed  for  both  the  lower 
and  upper  4k  word  section' 

1  ( 
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int  *b.  ■»  c*' ^ i .  ■»  cksl.  dsler,  ck  $2er.  1. 

'1-TT!R’F. 

prill'?"-  '♦  rut  up  worn  lest  instructions  ♦/ 

i*  wail  for  continue  symbol  (return)  or  end  lesXUtw  thins  else)  */ 

wftile(*stmstat'*=0>  sendd  f*  refresh  Ur  eel  messases  */ 

-'=  *d  l 

ific  *-  ‘>J5>  f  *•  cherk  i*  nt»l  Cft  */ 

addteal'i  /*  nut  ur  additional  features  list  */ 
return. 

•  rer*'i'ft  actual  t-sts 

there  will  be  one  checks'*  for  each  4k  pro*  board 

♦ 

*♦  disable  internet?  */ 

n=*'$R. 

*yx-  0f77&77, 
f*  label  screen  */ 

«'iutvi'ddin, 
t'jUtrKrrmdist ). 
puUV  1 ( nudi  ?2)i 

f utttvl f ermdi >3)* 

?e*d' ).  a  emrb  output  eueue;  *' 

'*  compute  actual  checksums 

b“STL41  '*  set  pointer  to  address  of  start  of  lower  4K  */ 

•'hk?il=0.  '*  clear  checksum  accumulator  */ 

whilefb  «>  ENPLFk  »  rhh <nl  =♦  *b*+.  /•  compute  l*wer  4f.  checksum  */ 

t*  b  is  now  left  eoihtine  at  start  of  upper  4k  «' 
chksm2=1).  /#  dear  ucee»'  4k  checksum  accumulator  ♦  ' 

whiletb  '>  ENOUFk  )  chk<m2=*  *b*+.  /*  compute  upper  4k.  checksum  */ 

'*  b  is  now  f oi ntv no  to  location  where  first  expected 
checksum  i<  to  aprea- 

*/ 

•*  set  ejected  checks**?  ft  •#  locations  in  PROM  *•' 

**••:►?!=  »b+p. 
eck?2=  #b. 

* i  set  From  error  flaj?  « 

•  ksler=0- 
d  s2er=0. 

*  compare  actual  with  ejected  checksums  *' 
if(chksml  '  =  evcksU  ckslerd- 

if(chk?m2  erck<2»  cks2er=l. 

disrU.  actual  an!  expected  checksums  */ 

*  ewert  t»>  ascii  f octal »  * 
atnnctf  •  hksml.  1. 
atovti'hk?m2  •:  k2 ) 

itmctf e  cksl. e*cM 1 

ato^i't' icc4*  ^'rk2*i 

*  p» jf.  trin«s  in  output  eueue  #  1 
p*ltf  t*  1  •  fVllnr  ». 

»  'V.t  1'dl* 

r  if.f  I’v  1  ■  *«  | !  'I*-  * 

,.,m.d'e  <M’ 

p'ltV.t!' d21r.r<. 

P«itttvrck2). 
r utttvl  '  e>  2l«r>. 
p'jtUtl*  evckfc'. 

*  difFlav  no  error  message  i*  appropriate  ♦' 

if  i ck ?l pt  =-  0)  <rv?2er  -=  0)  l  euttld'eromok). 

*  disela-  error  messages  if  error  has  been  detected  *' 
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else  l 

lflikfler  •=  0)  puttlvlfckerinl). 
i f <cV f2*r  '=  0)  PutUyl(c»*rin2). 

ryUlrPhitslrl. 

PuUtYl'  home). 

sendO.  «  emeti  output  lueues  */ 

*  wait  for  freak  •/ 
whilt(eslin?tat;=0). 
c-  *d, 

initial* /*  9*  to  initialization  routine  */ 


'♦  PR0M1NS  -  rrtyUne  for  diselaunj  PROW  test  instructions 
A  brief  description  of  the  PROM  checksum  test  is  diSfUied 
on  the  screen 

♦/ 

fr*inst‘  ( 

PUUtYl<ddll> 
r  jttt-1  n rt«l ». 

•utttrt'  ercmiZ' 

» lUtil’  prom?), 
r  j  1 1  tv  1  ’  Pf  0*4  >. 
riUbl  hittsU, 

toxO.  '*  draw  box  for  Urset  message:  */ 

alarfi»* ).  /*  fill  bo>  «ith  appropriate  messaoe  ** 

<eMO»  /*  empty  output  queues  *> 


•*  RAMTfT  -  routine  to  test  RAM  intesritY 

Each  word  of  RAM  is  tested  for  it?  read/write  capabili ties 
bv  wntini  a  uruiue  bit  pattern  in  and  aUe»fUn9  to  read 
the  word  beck  If  an  error  is  detected,  the  routine  stops 
and  displays  the  location  of  the  error  in  octal  The  user 
may  then  continue  the  test  or  he  nay  terminate  it  prematureb 
with  appropriate  keyboard  entries  Upon  leavm?  the  test  routine, 
the  accumulated  error  count  is  displayed  on  the  screen  in 
decimal  Alternately-  a  no  error  message  is  iisplared  if  there 
were  no  R'U  errors  detected  durine  the  test 

*• 

ramtst*  >  il 

r-t  *b- 1.  k.  erf  Is,  ercnt.  er  loc 

reJister  int  *rl  r2  r 3  d*»ine  11-03  resisters  ♦  ' 

cha*’  c-*d. 

•bHIBUF 

r  i'iin?*  '*  di  jpla.  RAM  lest  instructions  ♦/ 

'*  wait  4«r  ...ntinuef  return)  <r  skip  test  'anr  other  key)  */ 

"h:  lei*:tir>-t*V  =0’  send'1.  '•  refresh  lariet  messaoe  while  waitin?  ♦* 
c=  *d  •  ‘•l” 

1 1 '  '  /♦  •  henk  1»  *;p  ♦  ' 

■*dd,ftat*  *•  '*  «ut  uf  v.-^ional  <eabire*  list  *' 

r  ctifrn. 

•  r*'* •«■*»  H'  tual  Pa*  t«;t  «• 

♦  di sable  iPterurt  *r 

b--C$R 
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-  rut  ■:*  initial  display  headinjs  */ 

•uUM'4411). 

euUMraml). 

send»>*  '•  emrt*  output  lueues  a/ 

er«lf=ercnt=0.  /«  :et  error  t'U*  and  error  count  to  0  a; 

rl=  STRTRAH.  /a  load  sUrtinj  adfres?  of  RAH  in  refister  */ 

whilelrl  <=  ENDRAH)  (  /*  90  till  end  of  PAH  §/ 

r  3=032325-  '*  load  in  0101010101010101  bit  pattern  */ 

r2=  *rl.  /*  rut  location  in  buffer  #/ 

*ri=  r3,  /a  rut  bit  pattern  into  location  «/ 
r3=  arl;  /t  read  location  back  into  reiister  */ 

*rl=  r2»  '*  restore  location  t/ 

i f Cr3  *=  052523)  ?oto  error,  j*  check  for  error  */ 
r2=  «rl»  '*  rut  location  in  buffer  */ 
r3=0! 25252.  f  set  up  lOlOlOlOlOlOlCIO  rattern  ♦/ 

*rl=  r3.  /*  load  pattern  into  location  t/ 

r3=  art,  /a  read  location  back  into  resister  ♦/ 

*ri=  r2i  **  restore  location  */ 
i fir?  =  125252)  90I0  nevt.  /*  check  if  no  error  *' 

•*a  4isr!av  error  mfomation  (location*  */ 
error  erfla=l. 

trout**  /*  increment  error  count  a/ 

erloc=rl  '*  read  error  location  back  from  register  */ 

/*  concert  error  location  to  ascii  (octal)  •/ 
atooct<erloc»  err  1  ok); 

'*  put  error  location  strin*  on  output  eueue  §/ 
putttr  l  (ranter), 
putltyl (errlok), 
putllYltrtceh). 

send**.  /#  empty  output  aueues  so  error  aessase  is  displayed  */ 
'■‘ait  for  continue(return)  or  test  terminate  */ 

*hile(*stin:UU=0). 
c=  *d  *  01V. 

life  ==  013)  sot©  ne*t.  check  if  CR  *> 

a  c<?n"ert  and  display  the  er-or  count  'decimal)  */ 
atodee'erent.  errent). 
f*  put  error  count  on  output  aueue  *' 
putttvnramcnt). 

PuUlvlItrrcnt). 

sent')-  /a  emrtv  output  aueues  so  error  count  is  displayed  ♦/ 
for'k=0. V<3»  k*a)  for? i=0.  l  730000.  i**);  /♦  delay  so  errent  nay  be  Jtent/ 
mitialO.  t #  9c  to  initialization  routine  */ 

re  turn. 

ne  t  “l**#  '*  ?o  to  next  word  in  RAH  §/ 

) 

'a  4ispU»  end  of  test  mei?a?e?  *f 

ifferent  =  0)  rultlYl(n*rem  /*  no  error  messase  */ 

'*  eoiv'erl  and  disrla-  total  error  count  (decimal)  */ 
else  { 

atodec'  trent.  errent). 
njUtvl'ramcnt); 

Putttvi  f  errant). 

ruttW'hitstr ». 

rend'*.  '*  empty  output  queues  so  messaaes  are  sent  to  terminal  */ 

'♦  wait  for  anv  symbol  to  break  *' 

Mhile(astift$tat>*0> 
c=  ad, 

initial').  /#  90  to  initialization  routine  ♦/ 
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RAM1R5  -  routine  to  diselar  RAM  tost  instructions 
A  brief  descrietion  of  the  RAM  tost  is  diselayed  on 
th«  screen 

0/ 

raainft!  t 
eotttyl'ddll). 
outtts! 'raainl 1 
euUlyl'ra»m2>. 
rvUfyl  'ra»ln,J '  ■ 
rutfo.’rl 1  rominOI, 

»'.',.,.'.rl'.ra»'.n5>. 

■  vtttv '  *40101 ; 
hitf.-f. 

t»f>,  >»  dra»  bo»  lor  tareet  aessaets  */ 

-!.,rr '  /o  ml  box  ■*! th  aeeroeriate  aessaee  ti 

"  eoftY  outeut  eueues 


o  ATODtC  -  routine  to  cohort  uord  to  ascii  roorosenUtion  of  deciaal  value 
This  -outlie  tokos  o  16  bit  intosor  binary  uord  and  converts  it 
to  on  ascii  strinj  ohich  contoins  the  deciaal  rorrosontotion  of 
this  word  i  cadiis  loros  ore  blanked  and  the  strino  is  left 
Hjslifiod 
or 

atodec'nya,  asef 
int  nun 

char  asctT).  < 
lot  i. divide. 

for(i=O  i<6. asef l )=040.  /e  fill  strinenth  blanks  »/ 
asc[6J=0,  /♦  add  eol  char  at  end  of  strine  */ 

io  check  for  neealive  niaber  ♦/ 
lf(niie<0>  ( 

ni*=  -nun.  ( •  »ako  eositice  a/ 

ascC01=  45  /»  add  nesative  sun  to  strine  of 

) 

d:vide=10000. 

1=1. 

it  choc!  for  larsesl  eouer  ot  10  which  is  less  than  nae  */ 
whi le(divide>nu*>  divide*/  10. 

«Mlo<di”idecOl  (  It  eo  till  ones  elate  is  converted  »/ 
ascti]=nv»f divide,  /♦  roll  off  cirrent  deciMl  elace  value  */ 

nu»=-  asctiledivido.  /♦  renovo  this  eart  fro*  ni»  •/ 
ascii !=e  060.  i*  convert  niaber  to  asoii  *1 

!♦+,  re  increment  decimal  elace  counter  t/ 
divide*/  10.  /*  eo  to  next  cover  of  ten  »/ 

> 

ifli==l!  asclll=060.  It  aake  sure  at  least  on  dieit  is  diselayed  »hen  nia=0  tl 

> 


't  ATOOCT  -  routine  to  convert  uord  to  ascii  reeresenlation  of  octal  value. 
This  routine  takes  a  16  bit  inteser  binary  uord  and  converts  it  to 
a  strine  of  ascii  characters  uhich  reeresenl  its  octal  value 
Leadine  zeros  are  not  blanked. i  e  .6  disits  are  diselayed  at  all 
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U»es  Nutbers  ere  eonsid«r*d  to  bt  Mb's  cotrlitenl,  hWKr. 
the  routine  is  never  celled  »ith  nesetive  niabers  in  this 
rrosret 

«/ 

etooctuui.esci 
int  nut, 
char  esc[7],  ( 
int  1 

esct61=0,  /♦  edd  eol  cbereeter  e/ 

forli=5, i>0. i--)  t  /*  convert  5  dibits  l»  octel  */ 

esoCil'Inu*  b  07)  ♦  060,  /*  tesk  eft  bits  end  convert  to  escii  */ 

nut=nut»3;  /♦  shift  in  next  octel  ditit  to  3  leest  sitnificent  bits  e/ 

esetilx(nw  b  01)  ♦  060,  /*  tesk  off  end  convert  lest  bit  Isitn)  */ 

} 


'*  OUWfl  -  routine  to  urdete  stetus  box'  on  screen 
This  routine  diselevs  one  of  three  tesseses 
(11  Alert  Disebled 
12)  Terjet  Detected 
(3)  No  Terset  Detected 

The  routine  is  only  celled  if  it  is  detertined  thet  the  box 
needs  chensins  or  then  the  entire  screen  is  chented  to  e  net 
frete  in  thieh  cese  the  old  tessese  is  rerouted. 

*/ 

elertO  ( 
stitchielifls)  ( 

cese  0  eutttv2(eldsl),  /»  nut  elert  disebled  tessese  in  cutout  eueul  »/ 
breek, 

cese  1  »ultli2(terj|)i  /♦  nut  terset  detected  tessese  in  outeut  eueue  t/ 
breek, 

cese  2  nulllyjl noterl ),  /*  nut  no  terset  detected  tessese  in  oulrul  eueue  */ 

breek 


'•  IROUT  -  routine  to  delertine  if  terset  tessese  needs  uedetins 
This  routine  is  celled  et  the  end  of  the  ccteulelions  end 
delertine;  if  the  tessese  in  the  stetus  box  is  different  frot 
the  >ne  et  the  end  of  the  erevious  eecket  This  seves  lite  by 
cot  hevms  to  chenxe  the  screen  every  eecket  The  eudible  elert 
is  .'funded  frot  this  routine  every  lite  e  terset  is  delected 
unless  the  eudelrt  fles  is  set  (frot  selection  of  feelire  1) 
e/ 

iroul! i  f 
int  l, 

if'eldisebX't  <  eltfls=0.  f*  check  if  elert  is  disebled  */ 
eldiseb—  /*  decretenl  elert  diseble  counter  ».f 

d 

else  if'ler  '=  01  eltfls'l.  /*  set  fles  to  indicete  terset  detected  •/ 

else  elenf  1  s=2,  /t  set  ties  to  indicete  no  terset  detected  •/ 

ft  send  eudible  elert  if  erorer  »/ 

ifleltfls=l  bb  eudelrt=0)  euttty2(bell)i 

it  check  if  screen  should  be  uedeted  e/ 

ifieltfls'xoldelfs)  ( 

oldelfs'eltfli.  /•  store  net  screen  stetus  for  future  use  in  uedetins  •/ 


/*  update  screen  •/ 

alar*0,  It  this  routine  updates  tht  status  bo*  »/ 

) 

> 


it  t€LP  -  routine  to  indicate  calculations  art  lassins  behind 
Thi s  routine  sends  a  (essase  to  the  screen  if  the  svstM  is 
beios  run  faster  than  the  confutations  can  been  ur  »ilh  The 
purpose  is  *ostlr  to  exatine  oust  hoe  fast  one  can  rush  the 
computations  Entered  fro*  rlace  in  computational  routine 
that  checks  if  new  set  of  calculations  are  beins  started 
before  the  cirrenl  set  is  done  Routine  should  set  lost 
shortly  after  this  aessaoe  is  diselared  due  to  use  of  stack 
in  coeifulalions 

»/ 

help!)  C 
puUtyllhelrlii 

sendO.  /*  e*ftr  outrut  eueues  or 


(t  BOX  -  routine  to  daw  status  box  in  workspace. 

This  routine  constructs  the  box  at  the  hot to*  of  the 
workspace  area  that  is  used  to  hishlisht  urorlanl  info 
about  the  current  status  of  the  detector  such  as  if 
the  alar*  is  disabled  or  if  a  tarset  has  or  hasn't 
been  detected 
tl 

box()  ( 

fUtttYlibOXlii 

rutttvl ' star21)i 
Pjtt’.yli  box?), 
p.tttrl'  ; tar 2 i . 

'uUty!iboy3!. 
puttlrlfstar?); 
puUtyMbovdli 
mUtsU  itarll. 
putttrJ  i  bo  • 
mitts!  tar’ll, 


it  DlttToI  -  routine  to  test  operation  of  Off*  board 
This  routine  is  used  to  enter  an  assembly  lansuase 
autine  which  actually  does  the  lestins  of  the  DHft 
’her »  are  sewen  serarale  tests  which  are  rerforied 
n  a  -»*blr  lansuase  routine 

•  ’ 

deiatst*  i  < 

Mr  c  «d, 
d-TTIW 

1  ion  d»atst).  /*  so  to  routine  which  sets  ur  for  call  to  asseablr  codes/ 
<*hi  1  e< *sti nstat>=0’ •  <*  wait  for  repeat  charsets  */ 

c=  sd. 

soto  lone.  /*  jo  back  and  eerfor*  BW  test  asain  tl 

) 
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/»  WATS  -  routine  To  ereeere  lor  onb  uli  essenblr  Unloose  WA  test  rovtiH 
This  routine  lntlielwes  4  le*  tleis  «hich  ere  useb  To  interface 
bet»een  Tht  essenblr  lenfues*  cobe  tub  boro  tub  else  erovibes 
lor  Tht  biseler  ol  Tost  rtsulTs  on  Tht  screen  Tht  ossfeblr  Unloose 
rouTint  tests  seven  lunctions  ol  WA  eeeretion. 

(II  R/U  ol  ICR 

(2)  RYU  of  BAR 

(3)  ft/U  ol  D6R 

«l  f  uncUon-sUtus  lines 

(5»  Reseonse  To  bus  IMIT  si  one  1 

(6)  Generotion  ol  interruet  reegest 

(7’  Tronsltrins  ol  b»U  into  hfeorr 

IT  is  ossiaeb  thot  The  user  hes  tnserTtb  the  WA  utntenence 

coble  between  The  l»o  WA  corts  This  erouides  The  leebbeck  beTueen 

severol  lints  Thot  is  necctssory  lor  eroeer  execution  ol  sevtrel 

ol  the  Tests 

0/ 

dnotsl I  ( 
int  »b. 

1*  0  or  for*  octuol  WA  Test  0/ 

/*  disoble  fee  internets  */ 
b*CSR, 

*b=V  0177477, 

/♦  lobel  serttn  */ 
rulttvl ( bbll ) . 
euTttrl(WAU). 
eulttvKhitreel, 

senbll,  /•  fefty  outeut  eutues  •/ 

'•  set  error  lloss  to  0  These  mil  be  set  To  0  1  birins  the 
ossfeblY  lonouose  test  routine  il  on  error  is  betecteb  •/ 
erUCR=erBAR=erOHb>rRSTserfCT=0. 

feel),  I*  so  To  ossfeblr  lonsuose  WA  test  routine  */ 

/*  bisrioY  results  */ 

llterUCRX))  puTUyUWCRot) ,  /*  error  in  R/W  ol  UCR  »/ 

else  MilttYlifioUCRl,  /*  no  error  in  R/M  ol  UCR  */ 

if'erBMOO)  eultlrKBAAtrl,  /*  error  in  R/W  ol  BAR  */ 

else  mtttYl'noBARli  /•  no  error  in  R/U  ol  BAR  */ 

iNerOBRTOI  eulltYllDBRerl;  /*  error  in  R/U  ol  NR  •/ 

else  euttlYllnoMR),  /•  no  error  in  R/U  ol  HR  •' 

il(erRST>0)  eutttrllRSTeri.  /*  leeroeer  reseonse  To  WIT  */ 

else  eulltrUnoRST).  /#  eroeer  reseonse  To  WIT  */ 

iKerfCTYOl  eottlrKfCTrl.  ft  error  in  I  one  lion- 5  to  tus  lines  */ 

else  eutttr  HnoFCTi.  /e  nc  error  in  luncTion-stoTus  lines  e/ 

il'erllTXI)  eutttrK  WTer',  /*  no  interruet  betecteb  *1 

•He  eutttrl(nelNT>  /e  no  interruet  betecteb  e/ 

iferTRlPO)  eiitttYKTRReri,  'e  error  in  bote  Irons  I  or  */ 

else  eutttYlfnoTRN).  /•  no  error  in  fet*  tronsl«-  */ 

senbd.  /•  emetY  outeut  eutues  so  eiror  Mssotes  teeter  en  screen  */ 


'♦  WAINS  -  routine  to  biselor  WA  lest  instructions 

This  routine  biselors  o  briel  descrietion  ol  the  WA  test 
routine  onb  s«t  instructions  on  bo*  to  etrlort  the  test. 
The  execution  ol  the  WA  test  reeuirts  the  insertion  ol  the 
WA  Minlenence  coble 

#f 

feeinsd  ( 
eutttrK  bbll  I, 
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PultlYl(dMt). 

»uUIy!I«m3(. 

PuttlYtldMdl. 

»«IUyI>4mS). 

mtllYltMobl. 

»uIUy1I4m7). 

P0tttYl(dae8). 

»»uiYHhi  thiu. 

Ml,  <*  a-o»  bo»  for  stoto*  Msstus  • / 

eloraf I  /♦  (ill  box  »ith  current  stotus  miut  «/ 

putttylihoael.  ft  reposition  cirscr  e/ 

send O,  So  eaetr  output  eueues  0/ 


it  8$S  -  routine  to  piece  'Typo  L  to  soo  list  of  '  lint  on  screen 
This  roulino  doors  the  bottoa  of  tbt  scrttn  (aonitor)  ond  sends 
the  Typo  L  to  set  list  of  odditionol  f  to  torts  '  lint.  Tbt  Min 
pirpost  of  Ibis  routine  is  to  sout  proa  spoct  br  ouoidint 
rereoted  subroutine  colls  uben  Uiis  function  is  needed 
Tbrte  ftr  tbe  price  of  one 
ti 

bssO  < 

putttYl(blnk). 
putttYll setlsll, 
putttYlf sk21). 

} 


'*  BDS  -  routine  to  Piece  'lowoltd  reroaeter  or  coaaend  '  line  on  screen 
This  routine  cleors  the  bclto*  of  the  screen  (aonitorl  ond  sends 
the  involid  poroaeler  volue  lint  to  the  screen.  Tbe  rtosonins 
behind  this  routine  is  identicel  to  the  SSS  routine  -  noaelr  to 
sou e  sroce  in  PRO! 

0/ 

bds()  < 

putttYllblnk), 

putttrlidolerr), 

putttYlf sk21)> 

) 


i 

i 


*♦  H 

'  *♦  ASSEHfiLV  LANGUAGE  ROUTINE?-  -  ♦* 

t  **  This  section  of  code  contains  ill  isseltblr  liftsuije  routine?  ♦* 

/  *4  used  in  the  IRCCD  intrusion  detector  «Ur*  pro*i»  These  ** 

/  «  include  ** 

'  «  U1  'C'  runtime  $  Ur  toff  routines  ** 

/  **  <2>  Other  routines  thit  C  Cills  ** 

/  ♦*  (3)  Interurt  service  routine?  ** 

/  «*  (4»  Coneutitionil  routine  to  actual lv  i*r lament  i’uonth®  *♦ 

/  «  <5>  DMA  test  routine  *♦ 

/  **  (6)  Routine  for  comeutina  threshold  table  ** 

/  «  (7)  Routine  to  execute  'HALT'  instruction  fro*  'C  ** 


•  Define  instruction?  thit  ire  nonwlly  not  m  the  assembler:  vocabularc 

rtl  =  000002 
nor  *  000240 
reset  =  000005 
•trs  =  106404 
hilt  =  000000 


>  C  runtime  star toff  routine? 
la*  l 

Jlobl  -evit 
slobl  *main 
jlobl  -end 
jlobl  *rtata 
»lobl  *-<Urt 


->t  start  oe  erosriih  to  ocUl 


*?Url 


1 


Set 


= 

*  20000 

HO*1 

$400.  r-t 

clr 

-4rO> 

HO" 

rO  .-trOl 

tst 

rO 

bne 

lb 

«JV* 

l-editi  r 

c*e 

rO.  $*-end 

bee 

3f 

clrb 

•rQi* 

Dr 

2b 

; ta c ►  ••'inter  to  huh  PAM 

*0"  $0i*>(,776  .«• 

Tin*1  ;t  rO 

a*’  'rOl.-'Sf) 

tst  <rO>* 

*o"  r*\  2' 


' setup  "actor  irei  with  hilt? 


'clear  fcss  ar»a  (uninitialized  data1 
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*.-r 

ft,  **aif> 

c«P 

«spi*.1spH 

rO.  (  $p  > 

•  sr 

p< :•  *4*e  it 

•  »$ 

exit 

'  C  resisler  save  and  restore  —  version  12/74 

Ca L  L«*t  at  entr 

tn  and  ent  from  C'  routines 

»:  ?t»:  .ret 

*|.V' 

r5.  r*.» 

H<v* 

HC" 

r4,  <-p' 

*«*.• 

r :p  1 

Hi)" 

r2  **i  ;p  * 

1st 

-i  ;p‘> 

•«p 

irO) 

HO" 

r5-rl 

m<y 

-Irll.r4 

mo*' 

-<rl J  r? 

miy-1 

-*rP  r2 

no" 

r5  ?P 

HO*' 

l$r'*.r5 

rts 

PC 

f  *,**•■••* '. 

*  j  ».{  ►  !»**•<*  1 

il«bl  ♦•i’i'M’ 

tru»»  ■  •  vi1.; 

t:  .  jr  •:  . •  >.r •  J t  ,.unr-?  at  end  ot  data  Picket 

'  this  r  outir* 

•  •*  i- /  a*  uf*.  rr  oe.  the  DMm 

■  hera  1  di n?  that  i  date  t» 4 '■<  bf»,  m.:UJ  r.e  y»1A  i J  then 
'  reset  in  anticipation  <?«  Ue  f<e* 1  *■<•.» el  a*  J  trie  a i . -b*oI  .  unsuase 
.*  computational  routine  is  entered  Tht:  roi.tine  also  determine:. 
i  where  the  ne>t  Picket  of  data  is  to  tie  loaded  it  the  computations 
t  are  $ettin*  behind.  and  calls  the  'C  routine  that  disela.s  the 

'  proper  status 

message 

•■endrk  mou 

rO-  -*  :p>  '  <a"e  r  esister  •» 

mov 

rl-tsp)  >  rave  -esirter  l 

'  Check  if  tailinj  behind 

tst 

MU? 

bee 

setfl? 

'  Print  error  pp'sa** 

•sr 

Pv  *he',P 

self I*  ic" 

«l  **u  • 
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Towle  fulfil  on  3  unt  to  stot  sUrt  cowort  eulsos 


rjc  $10.*liT2410 

vji>  ■  ^ii.  *  while  retore  iiorlcMfij  t;-  line  b*.t 

bis  ♦»•'*  *11:2414 

»<*>  $rr,*0"  ♦*■>1 7 j41*.»  load  *cr  re.nster  with  -256 

f  Sol  bit  for  n«*t  load 

Pl-r  $ pn.  Ml 724 14 

Determine  which  buffer'  to  i'-od  ne*l  racket  into 


1st 

•■bU^fi'JA 

bne 

•rbf2 

•  ,1  • 

*r®  ;nto  but.: 

SI.  •'butnuft 

AO*' 

f*vb.jt2*SOP24l2 

'load  BAR 

SOM 

$*-rtuM  *■  •  r ’r  ' 

set  pointer  to  curr*;:t  butter 

br 

CAPt 

t  'id 

r*  t. 

fi'let  tot"  'bit*. 

|r 

-P'.v.ou* 

*•** 

put  i  M"i\4t: 

'  .■•*<!  Bur 

AO** 

♦*i'buC  *--*tr 

>’  F*mtr  l»  urren’.  butter 

'  thecV 

1  f  « 

cwotutolion;  i*  -ni  l  t«e 

•lifted  O'iv  t-'  faraibe'.er 

CAPt 

tst 

Mfllfio 

bee 

crn 

inr 

Midi  sot 

dl  able  alar  a  t-.ir  at  >ne  racket 

br 

nocrn 

•  Coll  ronpuUlionol  routine  crunch 
rrn  »«r  *c,  *  crunch 

«  uU  c  r.'-j' : re  whi'h  'iMite*  stilus  bo-  <o  *creen 
nocrn  isr  pc-Mmyt 

clr  *floj  •  1  <*ir  *U?  u<ed  m  deterArini  !•  Hloulitions 
>•  Restore  rl  and  rO 

AO* '  '  <1  >♦  r  1 

*<•>•*  J  frit,  r*> 

rti 


f.iiMp.  -  i  «  *.►  j  p*  t  A,.vrf  •;*  t  ;-*'i«if*  •••outin* 

•  This  it  i  •‘V'tjn#  that  i:  •'•*.*'■#(1  or  1  at  ; t*A  mi  lull  roll  on 

•  when  the  DMA  interrupt/  v  »  'mst  enabled  at.  That  ’.id*'  a*  interrupt 

/  is  Jeneroled  bv  the  DMA  it  is  m  •  eat.  :Uf.v  but  th:  * 

f  interrupt  does  not  stsnal  the  end  ot  a  data  m-i*’  H**:e  Ui. 

/  routine  oerh  sets  the  interrupt  vector  roiulirt  1  the  5MC*» 

/  routine  end  thus  prevents  •nterim  the  cnAryUtion:  be*  *n 
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:io» 


i:'u4i  data  racre*  i  '  received 


-dumm-.  "»«•  t+endpk  *$0124 

Sel  initial  "aUes  ■:•*  fun-tun  hr.*: 

Mo  $6.  HP >414 

Ms  »tref.  H1724l« 

rti 


IWOf  Hr':;!-n  [u> »  T.nr  Alarm  computational  routine: 

’  *‘WJNCM  -  IWCD  intrusion  detector  alarm  computational  ■‘culines 

•  This  routine  is  the  heart  ■  •*'  the  detector  It  perform*  all 

t  compulations  and  decisions  dictated  t>Y  the  oruinal  alwilhe 
<  The  routine  is  divided  into  three  main  section: 

>  <l)  Commutation  of  backjround  spatial  wertje  and  j-utiahn* 
t  stare  lime  chaoses 

t  12)  Computation  of  backjround  time  averaje 
t  (3)  Threshold  comparison  and  tarjet  -  no  tarjet  decision 
/  Throujh  out  this  routine  there  are  many  stranj* 

/  Quantities  which  were  initialized  elsewhere  in  some  'r 
/  routines  The  purpose  of  these  intermediate  variables  is 

>  to  save  ti»e  in  this  critical  section  of  code  These  will 

>  be  explained  as  they  are  used 

/  There  are  several  main  vectors  that  are  refered  to  in  the 
/  computational  routine  These  are 

/  (1)  V  -  this  vector  contains  the  east  N  rackets  of  data 

t  samples  1  Pth  of  these  samples  are  undated  each  iteration 

i  throujh  the  calculations  The  vector  i ;  set  up  a?  a  circular 

•  Queue  of  lenslh  256*N  where  the  last  element  is  thought 

t  of  as  beinj  immediately  followed  by  the  first  This  enables 

/  one  pointer  to  access  both  the  location?  of  th*  r^est  entry 

f  and  th*  oldest  entry  cetr'  is  this  pointer  and  is  Mt 

r  pcmlins  to  the  location  of  the  oldest  data  sample  after  each 

/  pass  throujh  the  routine 

i  (2)  m  -  this  vector  contains  several  different  Quantities  The 
/  first  256  elements  contain  the  lo«  order  w*rd  of  the  accumulated 

t  double  rrescision  sum  of  east  /and  current)  data  samples  The 

/  second  256  words  contain  the  backjround  time  a^eraj*  'a  di”ided 

•  version  of  the  first  25o  elements  of  m  »  The  third  256 

t  words  contain  the  decision  threshold  correspond!**  t*  the 
backjround  time  average  stored  in  the  second  iV-  »«>rd:  The 
f  last  256  words  contain  the  huh  order  word  of  the  accumulated 
t  double  prescision  sun  of  past  (and  present)  data  samples 
t  This  slransc  structure  is  present  to  allow  for  faster 

•  computations 

M3)  a  -  this  is  a  vector  of  256  words  that  contain*  the  Past 
1  history  of  threshold  ’-ulations  Each  word  corrresronds  to 
I  a  cell  of  the  IRCCO  array  while  "armu:  bits  correspond  to 

>  the  past  history  of  threshold  "lolations  The  :e<->:-nd  bit  of 

■'  each  word  represents  the  threshold  violation  information 

>  of  the  current  packet,  the  third  bit  corresponds  t'  one  racket 

/  into  the  past,  the  fourth  bit  corresponds  to  two  radet:  into 

/  the  past,  etc  This  format  jreatlv  simplifies  ’M  v  Uriel 

/  decision  process 
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?!obl  -crunch 
leH 
-crunch 

« r5»  c<"  t  call  resister  save  roulm< 
nov  r5.  *tnp2  '  save  r5 

'ConPUl*  bac>  *'0'lft4  SMlUl  n,,«»'-4?4 

•  nlblCPa4’  V  1  number  1,Ki!  *Vjali  th*  number  •♦  'v'lti  ifi  In* 

/  background  spatial  average-  t  e  •  25*  divided  or  [■ 

)I0V  *ntbk$p*"- r 0 

•  Set  rl  POir,m?  to  'tart  >•*'  data  b'jt'ter 

>  yetr*  was  fet  in  ENC*PK  int^rurt  •"•it«oe 

no"  *"Yftr  -I 

/  t,bjnj  is  01ml  Xr‘  2*0  Z-V  e  C‘  • :  used  to  increment  i  »■'■*•] 

'  address-  it  must  be  multiplied  bv  two  to  account  tor  *«•• 

/  bytes  to  a  word 

to*’  -lb?d  r4 

olr  r3 

clr  r2 

looea  add  IrP  rl  /  add  sample  into  accumulator 

adc  r2  /add  carry  to  confute  double  precision  sum 

add  r4, rl  /  set  rl  to  point  to  next  Dth  word 

sob  rO, looea  /  so  back  till  all  terms  are  in  accumulator 

/  Divide  sun  br  D  to  tonrute  background  spatial  average 
/  Since  all  possible  D  values  are  ewers  of  2.  division  i  done 
/  bv  shiftms  the  accumulated  double  presnsion  sun  dsh*t' 
f  tells  ho**  many  places  to  shift  for  the  current  0  Malue 

ashc  Hshfl.r2 

/  Round  off  result  after  divide  'shift! 
adc  r? 

f  Background  jpatia’.  * •  nw  in  r3 
i  ChecV  if  should  test  for  -ta-*  time  -.hanse 
/  Stare  tine  chanse  should  only  be  she*. fed  l •  i  chanse  ms 
/  not  performed  the  previous  lime  fstal  keers  trac* 

•  of  this  status 

t;t  -fstat 

bei  ckst  /  ?c*  to  check  tor  stare  time  chanse 

clr  e fstat 

imp  date  /  do  '’Ot  check  for  stare  time  chanse 

•  Check  for  stare  time  chanse 

/  Set  rO  point  ins  to  start  ot  C2  value  table 

ckst  no**  $*cc2.rO 

/  Choose  element  in  table  cor'espondin?  to  stare  time  that  wa:  in 
/  use  when  current  data  packet  was  formed  'oldtref'  contain:  this 
/  information 
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*oldlref.  rO 


idd 


\n*Ck  *  r  .tare  time  deer ►**;* 

»'  r?  'r  ■" 

Ml  Aw 

■  Decrease  sN»e  time  sc  r*S'it»le 

*f;Ut  '  set  Mai  indicating  :Ure  time  chanse 

*  Test  it  star*  1|M  '‘if:  be  d**creac*d  a*’  further 
1st  •■tre* 

bee  dale  '  if  not.  do  not  chans* 

sub  $2  ‘Iref  /  chame  tref  tnol  :•  ent  out  »el? 

/  Go  to  'ode  which  sends  out  new  stare  time  *  u  function  hits  1  2 

■me  update 

f  Cheek  for  stare  time  mere*-* 

rlinc  me**  $«-rrl  r»*  '  set  r<‘  minim?  to  ' tar  t  et  f.l  threshol 

/  Choose  element  which  corresponds  to  rf.ar*  line  us»d  when  r*jrrrent 

t  packet  ms  formed 

add  mldtrefrrt 

erne  r3.  <r0>  •  che.*k  for  increase 

bit  date 

.*  Increa'*  stare  time  if  possible 

;nc  *fstal  '  ret  flas  to  indicate  stare  time  *han?e 

erne  16. •■tret  /  cheek  if  tref'  *1  manmum  •*4lue 

bee  date  •'  do  not  chanse  if  el  macimui 

add  $2.*-tref  /  increase  sUre  time 

f  Send  updated  sUre  time  to  outside  world 
/  Set  function  l  end  2  lines  to  newly  computed  value 
t  These  lines  ere  accessed  »»ia  two  bits  in  the  CSR  of  the  DMA 

update  bic  16. *1172414 

Ms  ♦ tref. *$172414 

<  Update  past  history  of  stare  times  Must  keen  track 
/  two  rackets  into  the  past 

date  mw  *tretml,  midtref 

«o<»  ♦tref.*trefml 


*  i-aiputatiof  of  back  round  time  av**r*se 
The  computations  f«r  the  b-mksround  time  a^erase  are  divided 
-  up  so  that  roushlr  1  Pth  of  the  computations  are  done  each 
/  time  There  are  three  parameters  computed  in  C  which  determine 
/  exactly  how  these  computations  are  divided  up  These  are 
/  'pnorm'. 'Plast'.  and  nt  there  are  pnorm  calculations 


•*.  table 
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•  r«r»orft«4  M  -l  iterations  and  'tUsl  calculations  perforatd 
the  rl  iteration  There  are  no  calculations  performed  the 
>  last  P-  n\‘  iterations 

Increment  counter  to  keer  trick  ot  *hich  Pth  «t  cal- ulalmnj  on 
btavj  me  «*rcnt 

■'  Check  to  roe  if  nr  ground  on  circular  oueue  'lorm.»  past  ;aarie  vali,* 


mov 

♦xrtr.H) 

sub 

t*r.rO 

cap 

rO.HraF 

bit 

noarap 

BOW 

t*x#  +  <flr 

mov 

pYPtr.rO 

/ 

set  rO  pointinj  to  start  ot  current  ra-M-et 

add 

♦■Yincr.rO 

/ 

mcreaent  to  proper  Pth  ot  packet 

mov 

*xet r.rl 

/ 

set  rl  pointing  to  rr-rer  Pth  of  past  ?a»f les 

BOV 

HiPtr.  r2 

/ 

set  r2  pointing  to  proper  Pth  nf  accjm  S'jm 

/Determine  if  nr  P-th  of  backsround  line  a“erase 
cup  +rcril'*nl 

f  Go  to  sectmn  of  code  that  performs  'flast'  calculations 
bei  last 

'  Go  to  section  of  code  that  *  erf  or*-;  nc,  calculations 
bst  chklst 

>  Go  to  section  of  code  that  •erfom?  enorm  calculations 

iar  nor* 

'  Perform  last  'ectmn  «f  a!  ulatmns 

last  mo*'  «-elast.r?  »  :et  i-junt*  t*  Mart 

t  Subtract  oldest  Fast  saa»!e  'rom  a  vummulated  double  *re;cisicn  sum 

loorc  sub  (rlMr2) 

sbe  3000<r2)  *  make  double  mrestisirn  subtraction 

/  Replace  past  sample  in  #x  «»ith  current  sample 
mo"  ( rO  > . i r 1 > ♦ 

•  Add  current  ample  into  accumulated  double  *rescismn  -urn 
add  IrO)*-. 'r2l 

adc  JQQQU'l)  f  make  double  erescision  sum 

>  Nc*»e  double  prescision  sum  into  r4.r5  in  preparation  for  divide 

nov  3000lr2>.r4 

ao1.'  (r2)*.r5 

'  Divide  sua  bv  N  to  set  background  time  average 
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dr'  -bisn.rd 

f  ft-und  atUr  dr'id**  <rdtrrc  is  set  in  •!  » •■•!*. i 

cur  r*».  *rdti.h 

bit  nnrd 

me  r4  1  round  *t 

i  Store  berkjround  Is me  average  m  <ec*>M  1%  words  0*  » 
nord  ».v<  r4<776tr2) 

/  The  background  ’line  average  will  now  be  used  to  look  up  ’.he 
/  appropriate  threshold  m  a  table  ('btab')  which  is  pointed  to 
/  bv  bstr  This  Uble  cent*  in;-  threshold;  corresponding  tc 
/  baeksround  time  a"«rases  of  between  ('  and  1023  This  i:  alrisht 
/  for  the  two  loosest  stare  line*  but  when  OPeratins  at  the  two 
/  shortest  stare  tues  the  "alues  mar  so  as  hish  as  40^  Thus, when 
/  usms  the  two  shortest  stare  trees,  the  thresholds  are  looked 
'  up  6y  first  diva  dins  the  background  time  averase  bY  four.  lookins 
/  up  in  the  table,  and  then  multiflvms  this  result  bv  two  This 
/  eroceedure  works  since  the  thresholds  are  proportional  to  the 
/  square  root  of  the  background  tine  average 

/  Check  whether  usins  one  of  two  loosest  or  two  shortest  .’.are  times 

cur  *oldtref<  $3 

bst  noshf!  /  usins  one  of  two  loosest  stare  tine? 

/  Usins  one  of  two  shortest  stare  tues  At  this  point  the  result 
/  is  ooIy  divided  bv  two  < instead  of  4)  since  it  will  be  used  to 
f  look  up  an  element  in  a  word  table  (must  increment  two  b  tes  for 
/  each  word)  This  is  equivalent  to  lookins  up  the  "alue  cnrresrondins 
/  to  the  backsround  time  averase  divided  h  four 

asr  r4 

bar  $l,r4  /  make  sure  even  address 

add  «-b<tr.r4  /  set  r4  pointmj  to  correct  element  in  tab! 

mov  Ir4).r5  /  move  threshold  into  r*) 

asl  r5  /  multirb  threshold  br  2  ^sin^e  divided  bY  4  bef«* 

«ov  r5. 1776(r2)  f  move  threshold  into  third  25*  words  i<f  r> 

br  retrnl  t  so  back  for  next  iteration 

/  Look  up  threshold  for  longest  two  stare  times 

noshM  asl  r4  /  mult  b-  two  to  make  word  address 

add  *-b;tr.r4  '  set  r4  rointin?  to  proper  element  m  table 

mov  fr4*.|776(r2»  1  move  threshold  into  third  25*  elements  of 

retrnl  sob  r3.  Ioopc  '  so  bark  for  ne-t  it*'a’mn 

1  Reset  pointer? 

mo*1  rl.*yplr 

m»"  4*-m.  *-mrtr 

clr  *-Mocr 

/  Che-'i  if  Pth  iteration 

chH't  cm*  -p*'nt.  Pbnr 

bn?  d^-  d  f  jm  to  decision  ^•vjtme 
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»f.  r  M 


•  i*  « fit 

br  «l*od 


1  ‘•'r»  «ncrft  :e»ent  of  calculation? 

f  Tha'e  calculation-  are  essential 1»  identical  \ «  those  m  the 
/  'ela<t  section  of  rode  The  code  is  repeated  t>  increase  steed 
/  For  co«*ents.  see  >Ust/  section 


nor* 

%<*■ 

►frnorf.  r3 

loopfc 

sub 

<rl >.  trjv 

she 

y<«o<r2» 

•O'.1 

<rO).  <rl 

add 

(rO)P,  (r2* 

4dC 

30000V! 

•0" 

3000(r2>.r4 

»«' 

tr2)P»r5 

du> 

♦■bt?n>  r4 

C»P 

r5.  «rdtrsh 

Mt 

nornd 

inc 

r4 

nornd 

DO*' 

r4.776tr2> 

CtP 

♦  oldtreMI 

bft 

noshf2 

asr 

r4 

bic 

»J.r4 

add 

ebstr.  r4 

■OM 

(r4).r5 

asl 

r5 

•or- 

r5. 1776(r?> 

br 

retrnZ 

noshf2 

4  Si 

r4 

add 

*bstr.  r4 

•V.' 

<r4>,177Mr2> 

retrn2 

sob 

r3. loopb 

>  Reset  pointers 

oi  o* '  d  ♦‘sPtr 

»«•  r  2- Hep  lr 

add  *  tenor*,  evincr 


l  i  t.  -iii  j  ■  •  -r,  ;•*  v -a.* 'itetl  Oft? 


i  Se*  'odPAnf? 

it  »*r»  , 

'i»t  i 

•UtiOM!  •  ;U»«  -le^MPtion 

!  of  a  "ertor 

deed  «<v- 

add 

rl  point:  to  t*i  i?*oir!  tune  a"era?e 

•0*> 

r2 

1  r2  points  to  •-•urrent  ;*mh  "aiue 

•0" 

44(H).  r3  /  r3 

IS 

counter  to  Heer  track  o»  sralial  location 

•or1 

•*a.r4  /  r4 

points  to  a'  vector 

dr 

r5 

•0" 

SP.*-tiPl 

'  save  stark  pointer 

clr 

•■Ur  /  dear 

target  flat 

looM  •<*■ 

f  rut  background  liae  a"era.»e  into  r<i 

sub 

(r2)t.rO 

■  subtract,  current  saitle  -alue 
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a‘e  the  abso lul*  value  of  di  iterance 


bn  res 

r»«*  i  i'4  ' 

1  :M*t  bt:*  i  r«  •!  \  »a*e  r  c-Mb  lor  current  Ihr  eshold  '-iHalion 
lM*rMti  >n 

»o:  a:'.  ‘rai 

■  C*nMr*  It*  *5tirt’,i)  %ith  -jbsol’jte  “alue  of  tUf  fence  of  current  sai rl* 

/  and  hack  «r ound  tile  a‘"»ra?e 

cir  77;.trl>  rO 

bit  nobi:  '  test  i»  no  thr  eshold  “lolati  '■ 

•  Set  second  bit  to  indi-ate  threshold  violation  at  current  time  insUnt 
bi<  %2-  tr4 » 

/  Hark  off  ft  di”id«d  b^  3  lost  recent  threshold  decision: 

'  lash'  is  set  in  'C'  r-njt'fe 

nobis  bir  ♦’•ask  'r4> 

>  W«*-«  hi :’.or\  into  r* 

•4*  -r4t*  r«* 

'  Rake  r*'  roint  U  location  in  table  tab  that  contain  a  umber 
t  whi<“h  e«oals  the  total  number  of  threshold  violations  ’.ft  the 
/  east  n  dr’ided  bi  3  lost  recent  rackets 

add  t*Ub.rfl 

«rO).-<sri  move  this  nmber  *n  to  stack 

t  r5  coftlains  the  s m  of  the  total  number  of  threshold  violations 
t  in  the  rast  n  divided  tor  3  rackets  of  the  twc  sratullr 
/  previous  cells  of  the  1RCCD  arret 

add  fsr),r5  >  add  violations  m  present  sratial  cell 

'  Do  not  lake  Uriel  decision  for  first  two  cells 

cur  1376.  r3 

bit  mit 

/  Curare  t  to  the  sue  of  the  number  of  threshold  violations  in  the 
/  three  sralulW  adjacent  cells  which  ha>*e  occured  dirm  the  last 
f  n  divided  bv  3  rackets 

c»r  *-sit.r5 

bit  tarie  /  skir  reltin?  Uriel  detected  Ha? 

io“  ll, *-tar  /  set  la’' set  detected  Has 

/  Subtract  nuiber  of  threshold  “lolations  in  the  IRCCD  cell 
f  two  positions  awar  froi  the  current  cell 

Uria  sub  d'srt.rS 

init  sob  rj.  loord  '  ?«  t»  n<“  t  /  allt  ad'acent  cell  in  arra 
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tiff  *  S*a'V 

♦•tiel.se  restore  :UcV  point* 

♦  t»r2.r?  restore  r? 

cret  /  so  to  resist* f  restore  routine 


'  THRESH  -  routine  for  seUins  up  threshold  table 
'  This  routine  ‘wnrule?  the  threshold  table  that  if  used  in  the 
'  tareet  calculations  The  alsor.  U»  tor  <<*eutinj  :iuare  roots 
'  is  4  Newtons  nethod  Woe  scheie  usins  4  tedious  tor*  of 
/  fixed  point  arithmetic  The  factor  dependent  on  N  was  found  bi 
t  table  lookup  in  4  'C  routine  <ssn>  The  d  paraieter  is  assmed 
*  l o  be  in  4  nnnnn  nnnnnnn  binar.-  format  17  binarr  places' 

/  The  iterative  portion  is  used  to  compute  sertU)  where  *  corresponds 
t  to  the  backsround  tue  average 


slob! 

♦•thresh 

te»t 

♦•thresh 

i<r 

r5.  csv 

HO1' 

r*>>*tie3 

10" 

$2000.  r5 

'no  of  elements  m  table 

clr 

r4 

loorl 

IOC* 

$77776.  r3 

'r3  contains  initial  sue.*  tor  - 

4Sh 

$4.  r4 

'r4  contains  shifted  value  of  a 

10" 

$10.  r2 

'set  no  of  iterations  for  NR. 

loor2 

10 V 

r3»rO 

iul 

r3-rO 

/rO.rl  contains  x**2 

sub 

r4.r0 

'rO.rl  contains  f(x) 

di" 

r3,  rO 

frO  contains  f(x>  over  no 

inc 

rO 

'round 

4Sr 

rO 

/set  b  p  to  aatch  x 

sub 

r0,r3 

'r3  contains  new  x  value 

sob 

r2.  1oop2 

4Sh 

$-3.r4 

'r4  contains  2*a 

/  Now  lust  lulliplr  three  teris  together  to  set  threshold 


w 

10-/ 

r3.rO 

Ml 

♦•sen,  rO 

ashc 

•l.rO 

** 

Ml 

♦•sid.rO 

ashc 

fl.rO 

inc 

rO 

w 

asr 

rO 

'rO  now  contains  desired  thresh 

lov 

ebstr-rl 

add 

r4,rl 

'set  address  in  table 

■“ 

asr 

r4 

'return  a  to  noraal 

inc 

r4 

•  0" 

rO.trl) 

put  entrr  in  table 

-w 

sob 

r5,  IoopI 

clr 

♦•btab 

■0" 

♦■tjip3.  r5 

up 

cret 

- 

/  DMA  -  routine 

1  t”  actual  It  p*v 

♦  .r*  the  t« *t  nn  the  DHA  board 

f  This  routine 

is  entered  froi 

the  'f  routine  OHAT:.  Te*t  resul 

■ 

/  are  ret'rned  l-i  'C'  bv  settms  error  fUss  There  are  ?-"«n  Df 
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‘  » nidi «i5  whi •' h  ere  teste. ) 

■  ll’  R-W  of  WI'R 

■  Ml  .1*  BAR 
<  f  if  Ml  -t  OBR 

/  14'  Res*.  nse  t«  b'l:  INIT  5151,41 
i  (51  Function- 'Ul’is  lines 
/  (6)  End  of  treftsfer  lolfmirl  «.*r.er.ittr.n 
‘  1 7 1  Bold  transfer  corobililio' 

flobl  »4h 
lest 

ed*d  iff  r5,  os*/ 

*200,  rd 

ctrs  'disoble  sofleti  lnlerurtS 

'  Test  r-w  of  venous  resistors 

•0"  *172410.  r®  'ledd  MCR  uddress 

*52525- rl  'ln*d  Usl  rotter* 

»o»  rl.  frO)  /unit  lest  rotter*  into  WCR 
■05’  (rO),r2  /read  ACR  bock 

»r  rlr2  /check  if  error 

bo f  HCRokl 

tot  f-erlCR  /sol  error  fUf 

HCRokl  co«  rl  /trv  nev  rottern 

«<*■  rl.lrOl  /w  lie  into  ACR 

■05’  (rOI*.r2  /read  ACR  back 

mo  rl.r2  /Usl  if  error 

bee  ACRok2 

too  e-erACR  /sot  error  flos 

ACRoki  *0”  rl.(rO)  ‘tost  Bflfi 

■o"  Ir0),r2  /read  back  frM  BOR 

bio  *l.r2  /tiriore  first  bit  (alvaes  reads  4!  «  I) 
o»o  rl.r2  /test  if  error 

bee  BARokl 

ino  oerSRR  /set  error  fl»f 

BARokl  oo*  rl  / tn-  ne*  bit  oettern 

■0"  rl.(rO)  /wite  into  BAR 

*05’  (rO»e.r2  'reed  <n»  BAR 

Mo  rl.r2  /test  If  error 

bos  BARok2 

ino  e  or  BAR  /set  error  fUj 

BARok2  bis  *l.rl  test  OBR 

mo  rn  'Hko  r<:>  eoint  to  OBR 

too  rO 

■0"  rl.lrOl  /wile  bit  saltern  into  DBS 
■OS’  Ir0l,r2  'redd  bit  Pdttern  fro*  OBR 

Me  rl,r2  'lest  H  error 

bes  DBRokl 

lot  5-erDBR  /set  error  fWs 

DBRoll  oo*  rl  /trv  oo*  bi  1  rotter* 

•o-  rl.lrOl  /wile  bit  roUern  into  OBR 

•0"  Ir0).r2  'redd  bit  eoller*  beck  froa  DBF 

mo  r!.r2  /test  if  error 

bos  D8Rok2 

too  eerDBR  /set  error  flee 

D8Rok2  ■Or  *1 72410. rO  -test  if  reset  eleers  orerorridle  bit. 
olr  rl 

'  Bet  dll  rossiblo  bits  1*  '.vriou;  resistor/ 
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ir 


*  1  'r<>>* 

%■: 

♦  J.  't 

*-l.'p>) 

to--  1 172410. rn)  >t  rO  roinlinj  to  WCR 

re** t  'issue  reset  co*M.vj  <bu:  IWIT > 

•  Test  it  proper  tit;  ere  cleared  in  vano yj  register; 


I 

■  0" 

<rO>*.  *■€>*#<• 

j 

bne 

RSTer 

»0" 

»r*»*.  p-eyper 

f 

bio 

*1.  *exeec 

} 

bne 

RSTer 

*  — 

•0" 

frO)*,  *<xrec 

C»P 

*200,  *«xeec 

bne 

RSTer 

me* 

frO).*expec 

be* 

RSTok 

1 

1 

RSTer  me 

♦erRST  /set  error  fUs 

-  T*»t  function  *  status  lines  t*  sendinj  *ut  all  Pussib!* 
/  combinations  of  function  line  *m1u«s  and  deteraimn?  :t 
/  proper  values  are  read  back  bv  status  lints. 


RSTok 

■0" 

*7oOO.*exp*c 

'set  up  expected  sUtus  line  *. 

“ 

■O'* 

116. rO  /set 

initial  value:  of  function  lines 

KQM 

*172414.  r2 

'set  r2  to  Point  to  CSR 

FCT 

»0V 

rO. Ir2'  /send  out  function  line? 

— 

■OV 

'reed  CSR 

bic 

»1 70777.  »l»,l 

'mask  off  sUlu:  bits 

cm* 

H»fl.*«XMt 

'test  if  error 

be* 

FCTck 

inc 

*erFC!  ln\ 

error  fla* 

FCTdlr 

sub 

»1000..*x,«r 

~ 

sub 

»2.rO 

bPl 

FCT  /jo  to  nevt  set  of  f  line  "alues 

/  Test  DMA  data  transfers  and  end  of  load  internets 

*-1000,  *1172410  /set  up  UCR 

■ov  *^bufl.  **17241:  * set  up  BAR 


i 

! 

«  1 

I 

■  J 


ti 

,j 


'  Put  somethin*  interesting  in  tbufl 


V-vbufl.rO 

iou 

*400.  rl 

•0*.' 

rl. (rO>* 

Clr 

tr»»* 

sob 

rl.  load 

•0“ 

**-dmaint.  **124 

clr 

-fie* 

f  Enable  stste*  mlerupts 

r\r  r  4 

mtr  ‘ 


/load  ml  service  address 
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j 

4 


•»  * 


t**.  **172414 


'  till  '-.OU  r*i*jr  l 


1  Go  inlo  *-41 1  I  nor 
'|r 

nU  ms  *■>■?&. 

bne  mate 

*  Test  how  IhmJJ  went  . 

/  Check  for  lPlet’jFl 

tsl  Mia* 

bne  INTob 

me  *«rINT  f<t t  err  nr  tU? 

tNTok  ■  t<-*bu*l.rO 

no"  MftO.rl 

TRN  »o"  (r0)+.r2 

c*e  r_\  (rOle  lost  if  Ff  ofer  word  transfer**  into  amoti 

bne  TRNer 

sob  rl.TRN 

br  TRNok 

TMtr  me  *«rTRN  »$e l  data  transfer  error  tla* 

TRNok  reset 

mt  cret 


'  fliAlNT  -  internet  service  routine  used  to  set  Mas  indicating 
'  mlerruFt  received  durms  teslms  of  DMA  board 

?lobI  •■dswint 
le>l 

♦diamt  »ch-  tl+flas  set  fUs 

rti 


'  HALT  -  rviline  t.-  be  .ailed  •?'.*  •'  t.o  execute  a  halt 
•  instruct! on  This  is  used  lo  sloe  the  rroccessor  when  it  is 
/  desired  to  enter  the  DMA  test  routine  The  halt  allows  one 
/  to  insert  the  DMA  Aaintenance  sable 

»lobl  ♦halt 
text 

♦halt  halt 
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Cft«cks«ji  Test  Routine 


l')0*4 


looeb 

looee 


*C* 

$.:•.».  r*f 

cieor  chtcksuB  4r«4S  in  RAM 

9(0** 

S650(n 0.  r  1 

dr 

frt>* 

rob 

rO  1  o*>f4 

no *' 

$20007.  r3 

'  1  oid  start  of  PROM  4ddre<; 

$>>500).  r2 

'lC4d  fUrt  Ot  ChedSUi  iddress 

BO" 

flO.r! 

/lewd  nuBber  of  K  word:  counter 

■<*- 

$2000.  rO 

/1 04(1  nuBber  ot  bttes  counter 

B<K>b 

(r3)*r4 

>iet  low  order  byte 

414 

r4.  «r2‘ 

'confute  lw  order  checkruB 

lf*C 

r3 

>io  to  huh  order  byte 

•oob 

(r3).r4 

/ let  huh  order  byte 

4  44 

r4,2<r2) 

'Cf*eute  huh  order  checks* 

in** 

r? 

1 50  to  ne*t  xord 

fob 

rO. 1 oocc 

444 

$4.r2 

'•ove  rointer  to  store  ne^  *.  It  checksums 

holt 

] 
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0215501  8*okl  0244621  L20018 
0215661  MRok2  0250061  U0020 

0216121  W»M  0251346  L20022 

0216301  OBRota  0252301  120024 

021752V  FCT  025326V  U0026 

022002V  fCTok  025432V  120028 

022126V  Wtk  025310V  120029 

057744(1  LI  0240741  L20032 

0577704  L10  026152V  120034 

0222401  L10000  0262261  120036 

0576444  110002  0263021  L20038 

0576724  L10004  0263561  120040 

0237021  L10005  026456V  L20042 

073472l  L10004  025600V  L20045 

024164V  L10007  030562V  L20047 

024134V  L 10008  0310561  L20049 

0243321  L10OO9  0311721  L20051 

030774V  110010  031232V  L20053 

0314021  L10011  0314441  L20055 

0321121  L10012  0316161  L20040 

0323321  L10013  0316661  U0062 

0323221  L100I4  0316741  L20064 

0326361  110015  0317421  L20O44 

033026 1  L 10016  0321441  L20068 

0333041  L 1001 7  0323741  120070 

0577204  LI0019  0326"’2t  L200’2 

0577344  L10021  0330621  L20074 

0577724  LI  1  0331421  L20076 

0577744  H2  0333401  120078 

0577764  L13  0334201  L2OO0O 

022212t  L175  0336421  L20082 

0224441  1179  0340201  120083 

022450t  L1«C  0350201  120065 

0225741  1184  0351501  L20W7 

027652t  U85  0353101  L2006* 

0226761  1188  0354441  1200?! 

022 ’041  U88  0354061  L2(Hn3 

0227121  L1°0  0344161  L20O«5 

02"’7201  LtQl  0345241  L200?7 

0227261  1182  0345201  L20098 

02’77«1  Ll°?  0230341  L201 

022-41  Llg4  0365661  L  20101 

022754'  Ll?5  0372761  120103 

0227641  Llg6  0374401  L20105 

0227741  Ll°7  0374721  L20107 

0577464  L2  0400461  L20106 

0230241  L200  0402521  L20U0 

0222041  L20001  0406401  L20U 2 

0223441  120003  0406341  L20U4 

0223741  L20005  0410061  L201 15 

0223741  L20004  04040UI  L20117 

0233541  L20008  0407521  L201 18 

0734721  L2O0I0  0411561  L20120 

0240561  L 2001 2  0412621  120122 

0244001  L 2001 4  0413121  L20124 

0245321  120016  0415041  120126 


0416421  L20127  0252701  L283 

0423401  L 201 28  0253141  L284 

0424041  L20129  02537*1  L287 

0424301  L20130  025512t  L292 

0424541  L20131  025500t  L293 

0425001  L20132  0577504  L3 

0425241  L20133  0246401  L300 

0425501  L20134  0254401  L301 

0230441  L202  0256701  L302 

0230541  L203  0266041  L303 

0230641  1204  0257001  L305 

0230741  L205  026062t  1307 

0231041  1206  025752 t  1306 

0231141  1207  0260161  L314 

0231241  L206  0260501  L316 

0231341  L209  0265121  1318 

0231641  1210  0261361  1319 

0232141  1213  0261101  1323 

023314t  1217  0262121  L325 

0233201  1219  0261641  1329 

0233341  1220  02626*1  L331 

0234261  1222  0262401  L335 

0234361  1223  0263421  133? 

0234021  1225  0263141  1341 

0235341  L231  0264161  L343 

0236441  1233  026370t  1347 

0236101  1234  0264761  1350 

0236401  1236  0264441  1353 

0737t0t  L238  0244441  1357 

0237421  L240  0267401  L361 

0237661  1242  0270021  L345 

0240041  1243  0275101  L370 

0252111  1244  0305341  1397 

0242141  1247  0305401  1398 

0242101  12*9  0304021  1399 

0241001  1250  0577524  L4 

0241141  1251  0306701  1402 

0241721  1252  030676t  L403 

0242501  L254  0310101  1406 

0242741  US5  0310141  L407 

0247421  1256  0310761  1408 

0245161  1259  0312101  L411 

0245041  1260  0314161  1419 

0245001  1261  0314221  1420 

0244261  L263  0314441  1421 

0246341  1264  0316401  1425 

0246221  1265  0317121  1427 

0246161  1266  0321261  L435 

0247021  1269  0321321  1436 

0250441  U72  0321661  L437 

0250261  1273  0323461  1442 

0250701  1276  0323521  1443 

0251101  1277  0324141  L444 

0251261  1278  0325301  1447 

0251561  127?  0326521  1450 

0252161  1282  0326561  1451 
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032)l.'t  1452  0403201  1595 

0330421  U57  0406741  L596 

033046  V  L458  0404441  L598 

0331021  L45«  040672t  L599 

033320V  L467  0577564  L6 

033324V  L4«8  040534  V  L600 

033360V  1464  040720V  1600 

0336141  L477  040772V  L610 

033610V  L47S  041454V  L617 

033572V  L480  041244V  L621 

033620V  L481  041300V  L622 

033626V  1482  041424V  L424 

033634V  L4S3  041646V  1635 

033646V  1484  041636V  L638 

033704V  I486  041652V  L639 

0337121  1488  0416601  L640 

0337201  148«  042010V  L643 

033726V  14*0  0417141  L644 

034014V  L4«4  0417401  L645 

0577544  L5  0417321  L646 

0351741  L504  0417661  L648 

0350241  L505  042206V  L65* 

0350641  L507  042212V  L660 

0351541  L509  0423541  L665 

0352621  1514  0424001  L667 

0361721  L527  042424V  L66* 

0356121  L528  0424501  L671 

0356521  L530  042474V  L673 

036002V  L531  042520V  U75 

0361521  L532  0425441  L677 

0361361  L533  0577604  L7 

0370621  L53*  057763d  L8 

0364221  L540  057766d  Vs 

0364641  L542  0217301  RSI«r 

0366361  L551  0217341  RSlok 

0366241  1552  0221361  TUN 

0366761  L554  022150V  TRN«r 

0367221  L556  0221541  IRNok 

0367661  L557  021512t  MCRckl 

0367501  L55S  0215301  8CRok2 

037004 t  L561  0520340  »B88«r 

0370501  1562  05764 2D  ♦CKStll 

0370321  156  7  057644D  »CKSH2 

0401161  1571  0521100  *OBR«r 

0373021  1572  0517400  -OMOI 1 

0373441  1574  0567360  -Err 

0374541  L5’5  0523400  *FCl«r 

0375061  1577  0524440  » Idler 

0375661  L57*  056706D  -No*r 

0376041  1530  0521640  -R?T«- 

0400161  1581  0526040  6lRder 

041X1521  1582  0517600  *«R«r 

0401)341  1583  043056T  »»rl»4nu 

0400761  1585  1361048  ♦» 

0410121  15*2  033734T  n44»(d 

0402561  1593  0477040  ndlst 


0416121  i-xltra  0444620  *c21sl 

0620108  tddiHb  0327741  *c2srv 

051664D  6tld!l  1436708  u2str 

1440308  0620408  »cd 

143264B  »eelr  0620263  -cc2 

024014T  *-4  sc  Ion  I43742B  «chk»l 

1437148  6itd6u  1437448  i-chks»2 

143704B  nldocl  1437468  »ckl 

035240T  6»lcd  0504300  6cklloc 

0527000  nitcdi  1437568  6Ck2 

0527460  64tod2  0504400  6Ck21oc 

0530440  6*iod3  0505440  *ck«rinl 

1437408  64lodbrl  0506300  6Ck«-in2 

041142T  64iodic  0513620  *dsern 

035466T  64lodm  0433020  »<»6no 

0347741  64todlst  0433360  *e*4s 

0414601  64lecet  1436008  6c«Mn4 

143604B  ‘4ud4lr«  9435000  »crl( 

0430001  6b6s  0203341  ‘crunch 

0434760  66(11  0434420  »c(r 6 

1435628  6bf(til  0434600  *drx 

1435648  6bldi2  1435768  6fcUrc» 

1435668  6bf6loll  0465320  ‘4d«r: 

1435708  6bfdcl2  0464420  >4nl«rr 

1436068  6bt«d  1436208  6fet*irn 

1436348  6bi>dstr  0446340  6ddll 

1320708  6bnn  0454260  644110 

1436408  6bi(nstr  0455260  6ddU2 

1360768  6biw  0456500  6d«U4 

1436448  6binstr  0457700  644116 

0476560  6binlcc  0461100  6ddUS 

0435040  6bksr  0462300  644119 

0433720  6blnnk  0447260  6ddl2 

0464220  661  nk  044734D  6ddl3 

0420401  6bcx  0450060  6  4414 

0514000  6boxl  0451240  64415 

051 4200  6b»x2  0451660  64416 

0514300  6box3  0453060  64418 

0514400  *bcx4  0301521  6441isl 

0514500  »box5  0435100  6ddloc 

0427401  *bss  0437760  6441st 

132074B  *bslr  0304721  644srv 

1371228  ‘bUb  0234521  6d»co4( 

1435728  ►hlcnll  0462440  64ise2 

1435748  6Mrnl2  0466040  6diS(3 

1440348  6buf  04(6700  64isf3b 

0600028  6bufn»  0345301  *4lS(U> 

1436128  6C1  0302701  6dhst 

0304401  *cl list  0436120  »41ec 

0437460  6ciloc  044222D  6dlsl 

0445500  6(1 1  st  0214541  6dM 

033252T  6dsrv  9540100  6  fed 

1436768  ‘dstr  054054D  *4fe2 

1436148  6c2  0541520  ‘fe»3 

0304061  6c21isl  054206D  ‘fed 

0437160  *c21oc  0543100  6fe*5 
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0543*20  *<ta*t 

0471400  xh6»2 

0500720  6p<isdi:2 

05715*0 

♦spc«t 

0544300  <-d*7 

<3472160  Mine? 

03*17*1  ppdfi 6^ 

13711*8 

‘'Sift 

0545020  -d»*8 

0472740  Mine* 

035542! 

05150*0 

•-sUrZ 

0425*41  rdNins 

0473220  *iin*5 

13204*6  6pU>t 

0514*00 

*■  s  UrZ  1 

022I62T  PdNiftl 

0473520  "line* 

13*1008  ‘prior* 

0200001 

*sUrt 

042230T  nfc*ts 

0474020  Minel 

0302361  *pp1i ;l 

143272B 

♦stinsU 

0421701  *d»*tst 

04744*0  UineB 

0435*40  »pp1*c 

0430*00 

♦strin* 

I43270B  Hlrvcsr 

04*7*00  Mine9 

0441360  »PPi«l 

0432020 

♦Ub 

0*20220  rdshft 

0335301  *lsrv 

0313541  xppsrv 

137106B 

♦Ur 

0320**T  tto 

132076B  *■* 

0502360  6pf»disl 

0515340 

♦Ur  si 

0203107  *i*m< 

0221741  KMin 

0502640  6pr»dis2 

062020B 

♦tbsd 

060000D  »ed4U 

1371100  NKSk 

0503200  6xr«dis3 

03706*1 

♦t«nin$ 

14404*B  ♦end 

0502020  hik»on 

0401221  xpnilns 

0363721 

♦taritst 

020122T  ♦endrk 

0501500  6»k»or 

0552260  4pn»l 

050I40D 

♦te$l 

1431246  ♦trBAR 

1320*26  Niflr 

0552740  ‘Pr«2 

02131*1 

♦thrtsh 

14312*8  ♦«rDEfi 

132064B  6nl 

0553700  6proi»3 

0303541 

♦tlist 

1431340  ♦erFCT 

030322 T  Hilist 

055444D  6PT6»4 

0436100 

-Uoc 

14313*8  ♦erINT 

043*420  xnloc 

0504700  ‘xroeol 

0444000 

♦list 

1431320  »«r«ST 

0443100  *nl<t 

037252T  pproeUl 

137104B 

♦Url 

1431400  ♦«rTRN 

0302041  Hmlist 

03425*1  pputdSPl 

0*20 14B 

♦turZ 

1431220  ♦erWCR 

04353*0  innl 6o 

0267021  ‘PuUtil 

137114B 

♦Ur3 

144016B  *errcnt 

0440540  ♦nnlst 

02*7441  6pytttY2 

136102B 

♦Irnor* 

14400*0  r«rlok 

03074*1  pfinsrv 

0511460  *r**l 

062012B 

♦Iref 

0504500  ppxIIoc 

0520*20  -noSAR 

0510*20  <r*»rnt 

062050B 

‘•trefil 

0504*00  »ex21oc 

05213*0  ‘noDBR 

0507140  <T4»er 

0324001 

♦Isrv 

14376*0  »«yckl 

052402 D  ‘ntfCT 

0545520  6r»inl 

143276B 

♦Uibut 

1437760  r*xck2 

05252*0  *-nolNl 

054*200  *r4#nv2 

143314B 

♦tlicnt 

043040T  Mill 

052252D  HioRSl 

05470*0  6r*,i63 

143310B 

♦  ttiPtri 

1431300  r*xp*c 

052*420  *nc!RN 

0550120  *r»i64 

143312B 

♦ItiPlro 

0434240  »110 

05200*0  6floWCO 

0550620  6r»,n5 

143274B 

HtosUl 

04340*0  *f° 

0512000  <-nofui 

05516*0  6rii»itit 

02224*1 

♦tlYin 

0*OOOOB  HUi 

0516100  6not4rl 

0410161  6T4HH6! 

04*7240 

‘■work 

1437  320  Kill*! 

143266B  hip 

04022*1  6r«U'. 

13205*8 

‘■wrap 

0477740  *-flnUc 

0430*20  *-«pl 

132072B  6rdlT!h 

0*20568 

0*20240  **?Ut 

0322541  <-*sr6 

0507*60  rrtceh 

0*20546 

‘■xplr 

022172T  K»U 

0*201*0  ‘•ntt'lsp* 

04633*0  * 5 eel st 

061004B 

♦■Ybufl 

042014T  Kiel* 

047*740  ‘octloc 

02554*1  -snid 

060004B 

♦rbutt 

0475640  ♦hel *1 

14402*0  H>ld4l*« 

0555400  ‘sprl 

132060B 

♦•rincr 

0567*20  ♦hithU 

143602B  ♦  old<'o»n 

o5*S0D  psptIO 

062004B 

♦ypIt 

0570500  -hitree 

062036B  *-oldtrpf 

0556220  6ser2 

000006* 

asc 

0512*60  ♦hilret 

143316B  ♦outsl.kl 

0557220  *ser3 

000006* 

asc 

0571340  MiUrl 

143440B  Hralslk2 

0557700  -s*r4 

177770» 

b 

05131*0  *l»lrt2 

023252T  H4r^ 

0560700  ‘>*r5 

177770* 

b 

05707*0  ‘hitstr 

062052B  ‘Pont 

0561620  fcser6 

177770* 

b 

05*6100  Hiittsl 

05311*0  6Pd!l 

05*2420  *s*r7 

177770* 

b 

1440320  -hold^hi 

0537340  *xd‘10 

05*3440  6  serf! 

177770* 

b 

1436320  ♦hoi den'. 

0537*20  *Pd!ll 

05*44*0  ‘ser0 

177770* 

b 

0475:40  *6"*« 

0532140  »»d-: 

04*57*0  6Sk21 

17 ’770* 

b 

027"Ol  Hfllul 

05332*0  •>!< ; 

0470400  *  skip 

02054*1 

bUv? 

0*200*8  ♦  i  ntf  1  x 

0534020  *  p d  4 

1371206  6s»d 

1777*0* 

brUcnl 

0416*61  Mr’»ut 

0535020  *Pds5 

143*5<1B  6  seid s tr 

177752* 

c 

05*7uOD  ->m 

0535300  *Pd!« 

143*1*6  6 sr 1 

1777*2* 

c 

1431420  ♦■•inkln 

053*240  Hdsl 

1436100  6 spin 

1777704 

C 

04*7360  6l«4rn 

0536*00  *Pl:3 

143**48  ‘ sens tr 

1777544 

c 

0470540  Min*l4 

05370*0  -Pd!c 

1371 12B  -iit 

1777424 

C 

04710*0  »1 j  n»l  b 

0500040  ppdidi ;l 

143660B  6S*tstr 

1777704 

c 
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1777/0% 

c 

177766% 

1 

177762% 

c 

177764% 

1 

177754% 

c 

177770% 

1 

17/766% 

c 

177770% 

i 

177744% 

carrr 

177756% 

i 

020*7721 

chkl  n 

177770% 

i 

177762% 

cksler 

0212741 

intt 

177760% 

cks2er 

022174% 

ireed  o 

0204201 

ckst 

000000% 

irccdMn 

0202521 

CIPt 

177770% 

i 

177770% 

Cftlr 

177766% 

020104T 

cret 

177764% 

j 

0202661 

cro 

177770% 

\ 

0200661 

csv 

177764% 

k 

043040% 

cuevil.  0 

177764% 

V 

17776*3% 

<1 

177762% 

k 

177760% 
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MISSION ■ 


RAPC  plan*  and  execute*  *e*eswc cfc,  development,  imA'% 
detected  acquisition  programs  in  support  oi  Command, 
Communications  and  Intelligence  I C5!)  activities.  ft 
and  engineering  support  within  areas  oi  technical  cot 


is  provided  to  ESP  Program  Oiiic.es  {POsYand  other  £ 
element*.  Tfee  principal  technical  mission  areas  'are 
communications,  electromagnetic  guidance  and  control, 
veillance  oi  ground  and  aerospace  objects ,  intelllaei 
collection  and  handling,  ihiormation  system  techneutoi 
ionospheric  propagation,  solid  state  sciences, "  aUer a 
physics  and  electronic  reliability,  maintainability* 
compatibility.  >?  ;/ 


